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PREFACE 
Professor György Koppány 
The current issue of the 
Acta Climatológica is dedicated to 
Professor György Koppány, the 
former head of the Department, on 
the occasion of his retirement. 
Professor György Koppány 
has acted as the editor of this journal 
for ten years. During this time, 
Hungarians as well as other, foreign 
researchers mainly from the Central-
European region, had the possibility 
to publish the results of their 
scientific research in the field of 
Climatology and Meteorology. As 
the new editor-in-chief of this 
scientific journal, I would like to 
continue this editorial tradition, and 
also to broaden the viewpoint of the 
Acta Climatológica. 
As the present head of the 
Department together with my 
collegues, I hope that we can take 
his professional advice on the further 
research activities of the Department 
and he will take active part in the 
editorial process of the future issues 
of this scientific journal. 
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Összefoglalás -A karsztos területek formaképztsében és fejlődésében meghatározó tényező a klíma. A mikroklíma a 
karsztok geoökológiai folyamataiban játszik fontos szerepet. A tanulmány a karsztos dolináknak - a karsztok 
fagyzugainak - speciális mikroklímáját mutatja be, különös tekintettel a különböző tengerszintfeletti magasságokban 
elhelyezkedő dolinák mikroklímájának különbözőségeire és hasonlóságára. 
S u m m a r y - Climate is determinant factor of the formation and development of karst surfaces. Microclimate plays an 
important role in the karstic geoecological processes. This work highlights the specific microclimate condition of 
karstic dolines as the frost pockets of karstland with special attention to the differences and similarities in the 
microclimatesofdolines in different elevation. 
Key words: m icroclimate, microclimate of karstdolines, air- and soil temperatures 
INTRODUCTION 
Climate is a determinant factor of the formation and development of karst surfaces. 
Amount of precipitation is the most important one of all climatic factors, as the magnitude of 
solution is essentially defined by it. Today, however, a new trend, namely the study of karstic 
geoecological systems, has got into focus besides classical karst-research. 
For these investigations, the knowledge of the microclimate of karstic environment is 
not sufficient as the changes of the karstic geoecological system take place near, and right 
below the surface in the soils, and through these changes the dynamics of the system is 
modified. It is microclimate that plays an important role in this process. My studies of 
microclimate today already constitute apart of the exploration process of the climate-soil-
vegetation system. 
My work highlights the specific microclimatic condition of karstic dolines as the frost 
pockets of karstland, paying a special attention to the differences and similarities in the 




The field microclimate investigations were performed in a doline in the Aggtelek 
Karstand Bukk Mountains. Between 7 and 9 July in 1998, we examined microclimate in one of 
the grassy dolines of the Lusta Valley on the Biikk Plateau, and between 13th and 16th July 
1988, we performed observations of microclimate in the juniper grove of the Aggtelek Karst. 
The air temperature was measured by Assmann-type aspiration psychrometer, while soil 
temperature was measured by mercurial-soil-thermometer in depths of 2 ,5 ,10,20 and 30 cms. 
Observations were performed in every hour by day and night. The instrumental measurement 
was supplemented by visual perceptions. The microclimatic measurements were made under 
two different weather conditions. The measurings in the Biikk Mountains began on a clear day; 
it was followed by a wet day and then by clear night. A more favourable weather situation 
prevailed at the time of the microclimatic measurements in Aggtelek; therefore, the warm up 
processes of the daylight can be studied better here. 
RESULTS 
Temperature as the most important climate element depend on radiation. Radiation 
provides energy operating in the geoecosystem. The quantity of energy transmitted or reflected 
back to the atmosphere depends on the quality of the surface which intercepts the radiation. 
Nevertheless, as the majority of the Hungarian karstlands is covered by soil and vegetation, a 
significant portion of the energy radiated on the surface is generally absorbed. Convection of 
heat penetrates into deeper layers and gets onto the rock surface by the favourable conductivity 
of the rock-bed which influences the intensity of the solution processes especially at the 
division lines of rocks. The energy yield of solar radiation depends on the duration of 
insolation, cloudness and the limitation of the horizon. The angle of slope is significantly 
modified by the impact of exposition in the insolation period. 
In addition to the culmination height of the sun, the solar spaciousness also plays a 
role in the warming and cooling of the negative surface forms (depressions), which changes 
during the year. 
Dolines create an independent tertiary microclimatic space (Wagner, 1964) in the 
karst plateaus or in dry valleys because of their specific morphological features. The 
microclimatic space better can be appointed by their closeness and slope surfaces of different 
exposition. Characteristic microclimatic processes occur on the slopes, the brim and bottom of 
dolines which are under the influence of the whole doline but which affect the ecological 
processes independently in space and time. 
During the day, the space of doline is filled by air of a rather higher temperature 
exchanged only by local turbulent air-movements. In the rise of temperature and cool down 
processes of slopes differences in their magnitude and time are indicated in accordance with 
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the radiation conditions. The energy yield of solar radiation depends on the geographical 
latitude, the duration of insolation, the horizon limitation as well as on cloud cover at any 
region. The amount of radiation per surface unit is significantly modified by the exposition and 
angle of the slope in dolines. The steeper and more northerly exposed the slope, the higher is its 
radiation deficit. Moreover, insolation is most intensive on the slopes of southern exposition 
during daylight. However, typical characteristics of the daily pattern of radiation that the slopes 
with eastern exposure receive more intensive radiation from sunrise to 9 a.m. than the one with 
southern exposure. During the summer months, the slopes of northern exposure are also in 
more favourable insolation situation in the early morning and evening hours than the slope of 
southern exposure. The afternoon hours insolation is more intense on the slopes of western 
exposures. With negative forms in the depressions of dolines, self-shading exerts an important 
modifying effect on insolation. The early shadow-impact also contributes to the heat deficit of 
the southern slopes. The heat excess of the morning hours is determinated by the early onset of 
horizon limitation. From the early morning hours the slope of southern exposition is already in 
selfshade. 
It is well-known that daily air temperature pattern derives from the northerly and 
southerly exposition of slopes {Fig. /). The air temperature is warmer by 4-5°C in the 
warming-up period on the northern slopes (southern exposition) than on the southern slopes 
(northern exposition). Concerning to the absolute values of air temperature, no significant 
difference can be shown in the east-west cross-section (Fig. 2). On the other hand, difference is 
shown at the occurence times of maximum and minimum temperatures. Maximum 
temperature occurs between 9 and 11 a.m. on the east-facing slopes but it occurs between 1 and 
3 p.m. on the west-facing slopes. This characteristic temperature pattern has an important 
effect on the soil and plant-ecological processes. In accordance with this, the different species 
establish themselves on different slopes, and the ecological indices of plants are formed as a 
function of this. 
At night a "cold air lake" fills the lower layers of the doline {Fig. 3). The radiation 
minimum was minus 3°C during the night of 9th July in the plateau doline of the Biikk 
Mountains. Two types of phenomenons developed during the examinations: 
One type is the phenomenon when cold air lake accumulates at the bottom of the 
doline and dew or hoar - frost is formed. The other type is when thick fog develops and the 
temperature will be higher at the bottom of the doline than on the slopes. The formation of the 
cold air lake hinders the undisturbed growth ofthe doline vegetation. This phenomenon can be 
measured well in the case of dolines covered by trees, where the several meter-high pine trees 
of the dol ine brims are of the same age as the slowly-growing pine seedlings not taller than one 
meter at the doline bottoms. 
The daily pattern of soil temperature follows the changes of the daily air temperature 
with a phase delay in compliance with the exposition conditions and the shadow impact. 
During the day, the south east-faced slope in the upper layers of soil whereas in the lower layers 
the south-faced slope is warmer. Warming up begins first on the north-faced, then on the east-
faced slopes. Following this, the surfaced slope warms up more than the west-faced slope does 
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Fig. I The course of the soil and air temperature on the northern (A) and southern (B) slope 
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withasomewhat lowertemperaturemaximum. , 
The coldest one is the southern slope. Phase delay is the greatest towards the deeper 
layer of the soil (Fig. 4). Phase delay in the different soil horizons is well indicated by the 
diagram which defines the active surface movements in the soil. In both areas in a depth of 30 
cms, the day and night temperature waves are levelled off and only some tenth °C of 
differences are indicated between the warming up during the day and at night. In this layer, 
there are no significant changes in the different parts of the day. The temperature diagram 
already reflects the isotherm-state on the different slopes from microclimatic aspect. 
It was also shown by the investigations that daily amplitudes of soil temperature 
decrease more according to the increase of the elevation above sea level than air temperature 
amplitudes. This is doubly true for soils covered by forest. This raises attention to the fact that 
consideration should be given to the identical composition of stocks when;examining air and 
soil temperatures. 
Our investigations were carried out on different karst surfaces, and reflected on 
characteristic temperature conditions. On rock-lawns and in the woods the difference between 
the maximum values of air, temperature increase along with the elevation above sea level, but 
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Fig. 4 Regression curves of migration of maximums and minimums in the soil 
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the diversion of the minimum temperatures decrease. Air temperature in the open meadow and 
the forest was higher at lower elevation during the.day and lower at night. This means that in 
this case the extreme temperature values result in a greater amplitude that at higher elevations. 
The basic difference between the climate of grassland/and. forest is the fact that the air 
temperature in grassland is higher during the day and lower at night than in the forest. The soil 
of meadows, however, is of a higher temperature both during daylight and at night than that of 
forests. This peculiarity is definitely in correlation with the phenomenon that the shadowing in 
this part prevails all day and the conduction of heat is slow. However, at night, a double cold air 
level is formed, one at the tree stratum as at the primarily active level and one at soil level, as the 
colder and denser air sinks down to the soil. With the increase in élévation above the sea level, 
the microclimate of dolines becomes more independent. Extremes in temperature are greater in 
the Biikk dol ines than in the ones in the Aggtelek Karst. 
SUMMARY 
The climate of dolines significantly differs from the climate of the adjacent areas both 
in the course of daylight warm up and night cooling down. 
1. The warm during the day is divergent on the different slopes. In addition to the great 
difference in temperature between the north- and south-faced slopes, the time difference 
between the occurences of maximum temperatures on the east and west-faced slopes in rather 
important from the vegetation aspect. On the east-faced slope, maximum occures at 10 a.m. 
and at 3 p.m. on the west -faced slope, which results a significant difference in the composition 
of the vegetation. 
2. Cold air lake is a result of the night cooling down, which causes temperatures below 
0°C, and induces a rather extreme microclimate along with the strong day warming up. This is 
also of great significance from the aspect of vegetation growth. This is manifested by a slower 
growth of vegetation. 
3. The difference between minimum températures decreases, and it increases between 
the maximum temperatures with the increase of elevation above sea level. The type of 
vegetation importantly influences the microclimate. A more éxtreme microclimate develops in 
open dolines than in the wooded ones. 
4. The temperature differences affect not only the vegetation but also the microbial 
activity of the soils. According to my observations, the condition of dampness and the 
temperature comply best with the bacterial activity on the west and northwest-faced slopes. 
For the strong insolation of the south-faced slopes are high temperatures and low dampness. 
The desiccation of soil causes the significant enrichment of bacteria population. This also 
means, from the point of an ecological system, that the decomposition of organic material and 
material transportation will become slower than on other slopes. The daylight differences of 
insolation on the various slopes are not compensated by the night emission, because the cold air 
lake, formed by the sinking cold air, appears in the temperature inversion. This microclimate 
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pecularity results an inversion of the vegetation pattern as well. Plants of smaller stature 
develop at the bottom of dolines than at the higher brims. 
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Összefoglalás - Havi száraz és nedves anomáliák térbeli és időbeli jellemzőit elemezzük a Körös-Maros köze 
(gyakorlatilag Csongrád és Békés megye) területén, amelyet a termesztett növények nagy területi aránya jellemez. A 
nedvességi viszonyokat a Palmer-féle aszályossági index (PDSI) felhasználásával számszerűsítjük. A Palmer-modell 
számításait az 1951-1990 évek (foként a tenyészidöszakra kiterjedő) havi adatsoraira végeztük el a térség 17 
állomására. Az alapvető statisztikai jellemzők, ill. a térbéli és időbeli korrelációk megállapítása mellett faktoranalízis 
segítségével alrégiókat is meghatároztunk, amelyeken belül a PDSI értékek hasonló fázisban ingadoznak. Vizsgáltuk 
a nyári félcvbén a térségen belli! fennálló egyidejű korrelációk szorosságát, valamint a kiszáradási folyamat kezdetén 
(áprilisban) megfigyelt állapot hatását a rákövetkező hónapok PDSI értékeire. A hosszabb, 1881-1990 évek idősoraira 
elemeztük a lassúbb, egyirányú változásokat, valamint a teljes időszak átlagától szignifikánsan eltérő szakaszok 
hosszát. 
Sum mary - Spatial and diachronic characteristics of monthly dry and wet anomalies are examined in the Körös-Maros 
Interfluve Area (in the practical calculations, Csongrád and Békés counties, on the Great Hungarian Plain), 
characterized by high proportionality of managed vegetation. Assessment of humidity conditions is performed by 
employing the Palmer Drought Severity Index (PDSI). Palmer's model is applied to monthly data (mostly in the 
vegetation period) for the period of 1951 -1990 at 17 stations of the region. Besides computation of basic statistics and 
determination ofthe spatial and temporal correlations, factor analysis is also employed to define subareas in the region, 
inside of which PDSls covary in time. Synchronous correlations between the stations of the region and the effect of 
April conditions on the following months PDSI values are also investigated. Long-term, unidirectional changes and 
also the length of periods are demonstrated, exhibiting averages which are significantly different from that case in 
which the whole period of 1881-1990 is covered. 
Key words: Palmer Drought Severity Index T time and space correlations - factor analysis -
long-term climate variations-Körös-Maros Interfluve Area-Hungary 
1. INTRODUCTION 
There, has been an increasing concern about the observed climate variations since the 
preindustrial period. The distribution of world agriculture shows an adaptation to the present-
day climate patterns, but this situation could change in relation to the likely global warming 
(IPCC, 1996). 
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Environmental and economic effects of the climate variations can be apparent first of all, 
through the changes of natural water supply, river discharges, average crop yields, as well as 
natural vegetation. Hence, a new chapter in landscape evaluation is indicated by the 
recognition that climate is subject to changes, also on a relatively short term. Its alterations 
considerably affect several processes of the landscape system. A major temperature increase 
greatly controls the heat and water budget of each landscape and has fundamental impacts on 
agriculture. On a longer time scale, a new balance of water and heat, as key factors of the 
surface formation, may affect morphological features of landscapes, too. Besides that, apart 
from global trends, climate of Hungary inclines to shorter or longer aridity and to irregular 
distribution ofthe annual precipitation. 
The region, selected for the investigation is the Körös-Maros Interfluve Area (Fig. /), as a 
medium-sized landscape (in practice, a somewhat broader area, namely Csongrád and Békés 
counties), which has always been characterized by high proportionality of managed 
vegetation. Recently, 79 % of the 8,650 km2 productive land (which is 88 % of the total 
geographical area) is arable, whereas the agricultural area covers 93 % of the productive land. 
Proportion of inhabitants employed in agriculture is about 200 % of the national average. 
Hence, the investigated area is covered, in overwhelming majority, by seasonal vegetation, 
which is h ighly vulnerable to climate variations and also to the non-climatic conditions of plant 
management. 
The plain is part of the Maros-Tisza-Körös region which consists of young sediments. The 
2. THE KÖRÖS-MAROS REGION 
te r r i to ry of this geo-
morphological area is 5,000 
km2. Comparing to the 
n e i g h b o u r i n g p h y s i c a l 
geographical lands, this 
region has "ridge" character. 
Consequently it is due to be 
named "Békés-Csanádi" 
ridge, as well. The total 
territory, together with the 
additional regions of both 
counties, is approximately 
10,000 km2. The selection of 
the region has also been 
motivated by the recent 
definition of a National Park 
H 
Fig. I The location of restricted area in the area and by the 
3 0 




Luke Cíqj \ 
MINDSZENT 
.KISTELEKI 














BATTONVA ( Földeik 
Fig. 2a-2b Climatic distribution of annual precipitation totals (A) and annual mean 
temperature (B) in the Körös Maros region 
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Fig. 2c-2d Monthly mean temperature in July (C) and in January (D) in the Körös Maros 
region 
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international coopearation called Danube - Maros - Tisza Euroregion, as well. 
The effect of the isolated Transylvanian mountains, in addition to the typical low-land 
climate characteristics, can also be observed in the climate of the region. The spatial 
distribution of precipitation is fairly changing. The precipitation amount increases from 
northwest towards southeast. The annual average precipitation is about 550-600 mm in 
southeast, even over 600 mm at some places. On the other hand, it is less than 550 mm in the 
most part of the region moreover, less than 500 mm in the northwestern part of the Körös-
Maros region (Fig. 2a). 
On the basis of these differences two climatic zones can be experienced in this region: the 
northwestern part is dry with hot summer, while the southeastern part is only moderately dry 
with similarly hot summer. The annual mean temperatures are shown in Fig. 2b (Kakas, I960). 
The annual mean maximum temperature in this region is the highest in Hungary (Fig. 2c). The 
mean temperature of the coldest month is below 0°C, that is to say the region shows 
continental character (Fig. 2d). 
Loose soils, which are permeable or semipermeable to water, do not make possible 
development of permanent watercourses on the surface. As compared to the annual mean 
temperature (10.5-11.0°C), the annual mean precipitation amount is far from the optimum. The 
outflow coefficient is between 3-5 %. The yearly amount of evaporation is regularly higher 
than that of precipitation. Consequently the aridity index is generally higher than 1. Some years 
are characterized with extreme aridity which correspond to semi-desertic conditions (Makra et 
al., 1986). 
The medium-sized region investigated (first of all its southwestern part) is extremely 
inclined to drought which causes the most serious damage in agriculture. However, irrigation is 
prevented by the lack of water. On the other hand, difficulties in connection with inland waters 
should also be mentioned. Although the region examined is characterized by scarcity of water, 
regularly in spring inland waters appear to some extent. 
Inland waters in a given catchment area are surplus waters appearing either on the surface 
or in cracks of the soil, which raise difficulties to developing of plants (Pálfai, 1988). 
Appearance of inland waters is changeable in time and space, since they may come into being 
on the one hand in dry periods on the other hand hardly only in polder areas. 
Soil formation factors here are favourable to the development of chernozem. The most 
fertile chernozem soils of Hungary can be found in this region. Development of various 
chernozems, under much the same climatic conditions, is directed by geological structure and 
hydrographical factors. Characteristic soil types in the region are shown in Table 1. 
3. THE PALMER DROUGHT SEVERITY INDEX 
There is no universal quantitative definition of droughts. In the present study, drought is 
considered as a meteorological anomaly characterized by a prolonged and abnormal moisture 
deficiency (Palmer, 1965; Dalezios et.al., 1991). Nevertheless, a distinction should also be 
made between hydrological drought and agricultural drought. Specifically, hydrological 
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drought can be considered as a period during which the actual water supply is less than the 
minimum water supply necessary for normal operations in a particular region. Agricultural 
drought is characterized in terms of crop failure and exists when soil moisture is depleted so 
that crop yield is reduced considerably. 
Table I Soil types at the meteorological stations examined 
Geographic Station Type of soil 
coordinates 
latitude longitude 
46°12' 19°47' Ásotthalom sandy coarse soil 
46°16' 21°03' Battonya solonetzic meadow chernozem 
46°40' 21°07' Békéscsaba meadow chernozem with salt accumulation in the 
deeper layers 
47°01' 20°58' Dévaványa meadow soil 
46°43' 21°13' Doboz meadow soil 
46°17' 20°30' Földeák meadow chernozem (the term "meadow" is related to 
hydromorphic character) 
46°39' 21°16' Gyula meadow soil 
46°26' 19°50' Kistelek humous sandy soil 
46°45' 20°50' Kondoros lowland chernozem 
46°46' 21 °24 ' Méhkerék meadow so lonetz 
46°19' 20°49' Mezőhegyes lowland chernozem 
46°30' 20°11' Mindszent meadow alluvial and alluvial meadow soil 
46°34' 20°40' Orosháza lowland chernozem 
46°52' 20°32' Szarvas meadow chernozem with salt accumulation in deeper 
layers 
46°15' 20°10' Szeged solonetzic meadow; meadow, alluvial soil 
47o01' 21°10' Szeghalom meadow soil 
46°39' 20°15' Szentes meadow soil 
The immediate meteorological causes of drought involve a number of factors. A stable 
high-pressure air-mass with descending air and low humidity is relatively free ofclouds. Ifthis 
air mass stagnates or moves slowly across an area because of atmospheric circulation patterns, 
the region, over which it lingers, will receive substantial sunshine and generally dry air with 
little or no rain. Once established, this condition has a tendency to persist, resulting in drought. 
A Ithough a single drought is a phenomenon of sh orter time scales, the frequency of drought can 
vary on decadal or longer scales, especially at low geographical latitudes. 
To detect the onset of meteorological droughts and assess their severity, an "objective" 
index is used, namely the Palmer Drought Severity Index (PDSI). The PDSI is one of the few 
general indices which does address some of the elusive drought properties such as intensity, 
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onset time and end time. Although the PDSI is.referred to an index of meteorological drought, 
the procedure considers precipitation, évapotranspiration, and soil moisture conditions, which 
are determinants of hydrological drought and, indirectly, of agricultural drought (Palmer, 
1965; Alley, 19S4, Karl, 1986). In addition, the PDSI is standardised for different regions and 
time periods which is a necessary requirement for the areal assessment of droughts. 
The basic concepts and steps for computing the PDSI are presented here. The whole 
procedure is described by Palmer ( 1965). 
Step I: Hydrological Accounting. The computation of the PDSI begins with a climatic water 
balance using long series of monthly precipitation and temperature records as inputs. An 
empirical procedure is used to account for soil moisture storage by dividing the soil into two 
arbitrary layers. The upper layer is assumed to contain 25 mm of available moisture at field 
capacity. The loss from the underlying layer depends on the initial moisture content as well as 
on the computed potential évapotranspiration (PE) and the available water capacity (AWC) of 
the soil system. In the present calculations of PDSI, AWC values of 170 - 220 mm are used 
according to the soil types, presented in Table 1. Runoff is assumed to occur, if and only if, both 
layers reach their combined moisture capacity, AWC. In addition to PE, three more potential 
terms are used and they are defined as follows: Potential Recharge (PR) is the amount of 
moisture required to bring the soil to its water holding capacity. Potential Loss (PL) is the 
amount of moisture that could be lost from the soil by évapotranspiration during a zero 
precipitation period. The Potential Runoff (PRO) is defined as the difference between the 
potential precipitation and the potential recharge. 
Step 2: Climatic Coefficients. This is accomplished by simulating the water balance for the 
period of available weather records. Monthly coefficients are computed as proportions 
between climatic averages of actual versus potential values of evaporation, recharge, runoff 
and loss, respectively. 
Step 3: CAFEC Values. The derived coefficients are used to determine the amount of 
precipitation (P) required for the CAFEC (Climatically Appropriate For Existing Conditions), 
for instance "normal" weather during each individual month. 
Step 4: Moisture Anomaly Index. In each month, the difference between the actual and CAFEC 
precipitations is an indicator of water deficiency or surplus for that month at the studied area. 
This is expressed as D=P-P. These departures are converted into indices of moisture anomaly 
as Z=K(j)D, where K(j) is a weighting factor for the month j which takes into account also the 
spatial variability ofthe departures (D). 
Step 5: Drought Severity. In the final step the Z-index time series are analyzed to develop 
criteria for the beginning and ending of drought periods and a formula for determining drought 
severity. The following empirical expression for drought severity is used : 
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Xj=0.897X H +Z/3 (1) . 
where Zj represents values of the moisture anomaly index for the dry intervals and Xj is the 
value of PDSI for jth month. The classification of weather using PDSI is given by Palmer 
(1965) as a stepwise gradation from PDSI < -4 (extreme drought) to PDSI > +4 (extreme wet). 
At Fig. 2a and 2b fluctuation of the PDSI can be seen in the period of 1881 -1990. The ensemble 
or the 12 parallels indicate the PDSI values of the individual months. It is worth to note that 
these monthly values fluctuate rather parallel ly at the intra- and interannual time scales. 
Consequently, legends are omitted at Fig. 3a and 3b. 
4. SPATIAL VARIATIONS AND SHORT-TERM FLUCTUATIONS . 
Short-term variability is analysed for 11 stations of the Körös-Maros Region (Szeged, 
Szentes, Szarvas, Békéscsaba, Földeák, Mezőhegyes, Orosháza, Mindszent, Kondoros, 
Gyula, Battonya) as well as six other stations (Kistelek, Szeghalom, Ásotthalom, Dévaványa, 
Méhkerék, Doboz) situated in the vicinity of the strictly defined target area for the period of 
1952-1985. These calculations include some basic statistics of the distributions including also 
the test for normality, as well. Spatial and temporal correlations aim to characterise how 
variations in this relatively small area are interrelated between each other and which part of the 
year is mostly responsible for the water availability anomalies of the vegetation period. Spatial 
relations are more thoroughly analysed by spatial factor analysis with the intention to 
determine objective subregions by applying the PDSI. 
4.1 Basic statistics 
In principle, PDSI is a non-seasonal characteristic of water availability, but it is worth 
checking if independence of season really fulfilled for the basic statistical parameters, for 
example average, standard deviation and standard skewness. In the following, these 
parameters of PDSI are analysed in four months, namely in April, June, August and October of 
the vegetation period. 
Table 2 indicates that for the averages the assumed universality is fairly valid: deviations 
from the mean are not large in the different months. In case of standard deviations, however the 
picture is not so unequivocal. The minimum among these four months is in June at each station 
and the maximum occurs mainly in August. Although the differences between the highest and 
lowest standard deviations are themselves non-significant (according to the F-test), the 
identical course of the values in the four months at the four stations should be considered as 
regular. 
For standard skewness there is an increasing tendency from negative values in April to the 
positive ones towards the end of the vegetation period. Negative standard skewness values in 
April (with the exception of Szarvas) indicate that lower (relatively dry) values are more 
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1881-1990. A) Szeged; B) Szarvas 
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frequent, but high extremes are more severe. In those months with positive skewness the 
situation is generally the opposite: high (wet) extreme values are more frequent, but strong 
droughts occurred in the investigated 1951-90 period. 
Table 2 Basic statistics of the PDS1 and results of normality tests (probability in %) 
Battonya Méhkerék Szarvas Szeged 
• 
April; Jun Aug Oct April Jun Aug Oct April Jun Aug Oct April Jun Aug Oct 
Mean -0.00 -0.23 -0.04 0.19 -0.17 -0.13 0.06 -0.01 -0.32 -0.00 0.13 -0.01 -0.02 -0.111+0.00; -0.01 
St. dev 1.75 1.57 1.95 1.85 1.68 1.62 1.95 2.05 1.60 1.48 1.98 1.79 2.09 1.75 1.94 1.86 
Skewn. -0.33 0.21 0.04 0.10 -0.50 0.20 0.47 0.46 0.14 0.33 0.47 0.94 -0.87 -0.39 0.08 0.93 
K-S test 99 25 68 94 92 68 67 64 39 23 90 53 93 99 81 , 34 
X2 test 55 69 35 10 12 4 49 ' 8 2 5 31 45 20 ; 63 5 5 
This cyclicity also supports that in the followings we analyse the PDSI statistics separately 
for the selected months. 
As far as the normality of the distributions is concerned, the Kolmogorov-Smirnov (K-S) 
test shows that, normality is a likely assumption for PDSI, although probability ofthis decision 
is rarely higher than 90 %. According to the j^-test, normality is not so unequivocal. From the 
16 investigated ones the normality is fulfilled in 10 cases, but the rest is distributed rather 
irregularly between the sites and the months of the vegetation period. Without monthly 
separation, the series exhibit definitely irregular, non Gaussian distribution (Mika et al., 1994) 
4.2 Space and time correlations 
Spatial correlations are computed for synchronous monthly PDSI values of four stations, 
Szeged, Szarvas, Méhkerék and Battonya, situated more or less regularly at the four "edges" of 
the region. Analysing spatial correlations (Table 3) corresponding to identical months of the 
year, they demonstrate moderate strength of connections. The correlations are always positive 
and significant at the 1 % significance level, which is not surprising at all. On the other hand, 
the numerical values between 0.43 and 0.83 suggest that even in this small region (10,000 km2, 
as already indicated) the drought/wetness conditions may vary, likely due to the spatial 
irregularity of precipitation. 
If comparing the values in the different months, one can establish that they are relatively 
high in April and August (0.65 - 0.83), but lower (0.43 - 0.70) in the climatically wet June and 
the highly variable October. This means for these two months that in some years the dry or wet 
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periods occur in the region, but not in other cases. 
Another interesting question, related to dry or wet anomalies, is how strongly the 
conditions at the end of previous cold half-year determine those in the forthcoming vegetation 
period. In this respect, correlations between April and other months are displayed below the 
diagonal of Table 3. The 5 % correlation threshold is 0.34, which is surpassed at three stations 
from the four investigated cases for June (r = 0.3 8 - 0.47) and reached in one station for August. 
Hence, PDSI values of October and August are determined mainly by the moisture balance of 
the vegetation period, itself. 
Table 3 Spatial (synchronous) and temporal (retarded) correlations of the PDSI in four selected stations of the 
Körös-Maros Region 
SZARVAS BATTONYA 
April Jun « Aug 
MEHKEREK 

















We should note that these correlations are naturally lower than those published by Mika 
( 1996) for other stations of Hungary, since those values were increased by the low-frequency 
variations of the 110 years series, while the present correlations characterise only 40 years. 
4.3 Régionalisation by factor analysis 
One of the best methods studying time series data for a large number of stations or grid 
points, where strong spatial and temporal correlation prevails, is Factor Analysis (see e.g. 
Bartzokas and Metaxas, 1993). One of the main benefits of this method is the reduction of the 
initial variables to much fewer uncorrelated ones, namely the factors. In this way, regions can 
be defined where, for any point within each region, the analysed meteorological variable 
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covaries. Each original variable, Pi5 i=l, 2,..., n, can be expressed as Pi=aMF,+ai2F2+...+ainiFm 
(m<n), where Fj, j= l , 2,...,m, are the factors and a^ are the loadings. One important stage of this 
method is the decision for the number (m) of the retairied factors. On this matter, many criteria 
have been proposed. In this study, the Guttman criterion or Rule 1 is used (Bartzokcis and 
Metaxas, 1993) which determines to keep the factors with eigenvalues > 1, and neglect the 
ones that do not account for at least the variance of one standardized variable. Another vital 
stage in this analysis is the so-called rotation of the axes (factors). This process achieves a 
discrimination among the loadings which makes the rotated axes easier to interpret. In this 
analysis the Orthogonal Varimax Rotation has been applied, which keeps the factors 
uncorrelated. In general, there is no guarantee that the evaluated factors represent dynamically 
existing entities, but, as with any statistical tool, it is important to determine whether or not the 
results have any physical meaning. 
Factor analysis defined different numbers of subareas in the different months of the year. 
The eigenvalues and the percentages, explained by the retained and rotated factors for PDSI for 
each month are shown in Table 4. It is found that the retained factors explain 71 - 78 % of the 
total variance exhibited by all initial variables. The number of retained factors varies between 1 
and 3. The first case means that there is no internal structure within the region as far as the 17 
stations are able to represent it. One region is found mainly in the relatively low-precipitation 
periods of the year (January, February, March, April, August and December). Two subregions 
occur in May, July* September, October and November. In June, the analysis yields 3 regions, 
in good coincidence with the phase of the annual maximum of precipitation. 
Table 4 The significant eigenvalues and the total percentage of variance explained by the retained and rotated 
factors 
Jan Feb Mar Apr May June July Aug Sep Oct A'ov Dec 
1 13.2 13.2 13.2 13.4 10.8 9.9 10.8 12.1 11.1 12.2 11.5 13.2 
2 1.9 2.0 1.2 1.4 1.1 1.1 
3 1.0 • 
Expl. 
var. 78 78 78 79 75 76 71 71 74 78 74 78 
Although the method of Factor Analysis derives the regions from similarities and 
differences on time scales of climate fluctuations, and also, the regions differ considerably 
from one month to the other, it is worth displaying the obtained regions, as well (Fig. 4a-4j). 
Central parts of the subregions are indicated by the 0.8 factor loading isolines (except for one 
region in June, for which this value is only 0.6). 
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Fig. 4a-4b Subareas formed according to the rotated factor loadings for PDSI in the months when the number of 
retained factors is >1. Isopleths of loadings 0.8 are usually indicated. 
(A. May; B. June. In June that of 0.6 for the third separating region is also drawn.) 
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The regions are realistic in statistical sense. This means, that they are not direct 
consequences of the method, itself. This consequence is supported by the fact that in the half of 
the calendar months the number of regions is different. On the other hand, this fact also indi-
cates that the obtained regions may not serve so objective basis of a landscape classification. 
5. ANALYSIS OF LONG-TERM VARIATIONS 
Two questions are statistically investigated in the four months-indicators of the vegetation 
period,for example. April, June, August and October: 
i) When did significant linear trends occur during the investigated 110 years period? 
ii) When did the time averages significantly differ from that in the whole period? 
In both cases, Student's t-test was applied in different design. Before going into the answer 
of these questions, however, let us demonstrate the smoothed course of monthly PDSI during 
the investigated 1881-1990 period (Fig. 5a-5b). The applied filter is the 11 years' moving 
average. 
In both series there is a pronounced long-term cyclicity which occured after the depression 
of short-term fluctuations by the 11 years moving average smoothing. PDSI at Szeged 
exhibited nearly 36 years' cyclicity during this 110 years period. At Szarvas, the same feature 
exhibit 30 years' cycles. Statistical significance of these periods requires further analyses on 
the original series. 
The long-term, decreasing tendency of the PDSI is generally similar at the two nearly 
situated sites, especially at Szarvas. Another common feature is that PDSI values of the four 
different months vary parallel with each other at the two sites until cca. 1960. After 1960, PDSI 
values of April exhibit steeper decreasing tendency than those of the other months. Compared 
to Szeged, this difference is more characteristic in Szarvas. 
5.1 Local trend analyses 
Significancy of linear trends during any subperiod within the 110 years is checked by 
Student's t-test, as follows. Let us have the variable of Student distribution, 
t = (b-P) /s„ (2) 
Where p - the real (unknown) regression coefficient, 
b - empirical regression coefficient, estimated from the finite sample, 
sb- standard deviation ofthe empirical estimate from the regression coefficient, b. 
The zero-hypothesis is that b = P = 0, i. e. the empirical regression b does not significantly 
differ from 0. The statistical decision concerning this hypothesis is performed on the basis of 
the knowledge of the t-distribution (included into tables, in practice). The following analysis 
ofthe significance is performed at the 1 % significance level, considering that the appropriate 
degree of freedom is n - 2, where n is the number of elements in the sample. If the t-value, 
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calculated by (2), is higher than the given threshold of the t-distribution, we consider b to be 
significantly different from 0. Otherwise, it is not. This test has been performed for all possible 
3-110 years subperiods between 1881 and 1990. 
In this way, the following can be established (Table 5). Linear trends of monthly PDSI 
series are generally significant only for relatively short 3-12 years sequences. It is also 
remarkable that the number of significant trends is only two, at both stations. For the longer 
sequences, the interannual variance is too high to allow significance of monotonous linear 
changes in the local series. In the table, sequence of significant periods is set in diachronic 
order. If comparing signs of the first and second significant periods, one can establish that they 
are completely different at the two sites. Decreasing (drying) trends follow the opposite ones in 
the first three investigated months at Szarvas, but at Szeged the situation is the opposite. This 
difference between the sites remains valid in October with a change of signs. Significant 
periods of the same sign are not much similar either in the four months or at the two sites. This 
means that such short sequences are yielded rather by random interannual fluctuations than by 
the long-term trends. 




1959-1967: 9 yr (+) 
1982-1989: 8 yr (-) 
1908-1915: 8 yr(-) 







7 yr (+) 1935-1937: 3 yr (+> 
12 yr (-) 1954-1965: 12 yr(-) 
13 yr (-) 1955-1960: 6 yr(-) 
7 yr(+) 1959-1962:4 yr C+) 
October 
1896-1903: 8 yr (-) 
1983-1989.7 yr(+) 
1962-1965:4 yr(+) 
1984-1989: 6 yr (-) 
5.2. A special application of Student's t-test: significant deviations oftime-slices 
The aim of this section is to identify subperiods' averages of which are significantly 
different from the 110 years mean. These subperiods were much drier or wetter than that. The 
point of the method is to determine the start and the term ¡nation of the significant periods. This 
is done for data for which the significance is still valid, irrespectively to that, which years 
would yield the strongest difference (i. e. among the significant ones). This search has been 
performed by a special case of Student's t-test, applied to detect differences between averages 
of non-independent series (Makra et al., 1999). The significance tests have been performed at 
the 1 % significance level. 
Contrary to those found in the previous section, length of these subperiods is much longer, 
which already characterizes the climate change time-scales (Table 6). In the four analysed 
months of the vegetation period, the following significant differences were detected: 
It is remarkable that the number of significant periods is maximum two, at both stations. In 
the table, sequence of significant periods is defined in diachronic order. The signs of the first 
long-term periods are positive, and those of the second ones are negative in each investigated 
month. This means that relatively wet periods preceded the drier ones during the 110 years. 
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Positive (wet) deviations at Szeged occurred in April between 1887-1943 (57 years), in 
June between 1881-1.941 (61 years), in August, between 1883-1941 (59years)and in October 
between 1881 -1941 (61 years). At Szarvas, the wet deviations appeared between 1881-1946 
(65 years) in April, between 1939-1941 (3 years !) inJune, between 1881-1981 (101 years !!) 
in August and between 1881-1957 (77 years) in October. 
Negative (dry) long periods occurred at Szeged between 1946-1990 (45 years) in April, 
between 1946-1990 (45 years) in June, between 1946-1990 (45 years) in August and between 
1942-1990 (49 years) in October. At Szarvas, dry periods appeared between 1926-1990 (65 
years), no such period existed in June, short dry period was found significant between 1982-
1990 (9 years) but a fairly long one between 1928-1990 (63 years) in October. These results are 
in harmony with those ones according to which relative frequency of warm-dry years are 
incerasing in the Great Hungarian Plain between the period of 1901-1990 (Tar, 1993). 
The experienced similarity between the long-term anomalies of identical sign in the 
consequtive months and at the two sites suggest that these long sequences are already yielded 
the long-term trends. Furthermore the decadal-scale deviation periods were wet in the first and 
dry in the second phase of their appearance. 
This result is in full coincidence with the conclusions elaborated in a previous review paper 
(Mika et al., 1995), declaring that the climate of the Hungarian Great Plain became drier in the 
more recent decades, according to series of native references. 









65 yr (-) 
57 yr(+) 
45 yr (-) 
June 
1939-1941: 3 yr (+) 








9 yr (-) 
59 yr(+) 







63 yr (-) 
61yr(+) 
4 9 y r ( - ) 
6. DISCUSSION 
There is one possible shortcoming of the computations that may have led to non-
representative conclusions. This questionable detail may be the inhomogeneity of the local 
temperature series that could affect the potential evaporation calculations for PDSI, especially 
in summer, when the inhomogeneities were the largest (Szentimrey, 1996). Even for 
temperature series of the chief meteorological stations this important problem could not have 
been found a final resolution yet. 
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SOME WEATHER EVENTS IN THE FOURTEENTH CENTURY II. 
(ANGEVIN PERIOD: 1301-87) 
» ' 
A. KISS 
Deptartment pf Climatology and Landscape Ecology, József Attila University, 
P.O.Box 653, 6701 Szeged, Hungary, E-mail: kissandi@sol.cc.u-szeged.hu 
Összefoglalás 1 A vizsgálat célja - egy, a korábbinál nagyobb adatbázis alapján - annak bemutatása, hogy a 
klimatörténeti kutatásokban az eddig talált források milyen lehetőségeket nyújtanak egy lehetséges 
klimarekonstrukcióhoz. A dolgozat kizárólag az egykorú, vagy közel egykorú, megbízhatónak vélt anjóu-kori 
(1301-1387), elsősorban írott források csoportját érinti. Mivel á rendelkezésre álló adatok mennyisége nem enged 
meg konkrét klímarekonstrúkciót áz adott időszakra, így a dolgozat másik célja, hogy a bemutatásra kerülő 
adatokat összevetve a rendelkezésre álló, a 'korszakra vonatkozó európai, de különösen közép-európai 
adatbázisokkal, bizonyos lehetséges összefüggéseket állapítson meg. 
Summary - The aim of this study is to provide more evidence for a possible climatic reconstruction of the 
Hungarian Kingdom in the period of 1301-87, on an increased database of fifty, mainly contemporary sources. 
Another goal is to present the European, but especially the Central-European conditions at the same time in order 
to find some parallels between the European database and the data referring to the areas of the former Hungarian 
Kingdom. 
Key words: climate history, weather events, floods of rivers, written sources, charters, 14th-
century Hungary 
SOURCES AND DATABASE 
In this study, a database of contemporary written sources and archeological evidence 
were provided which refer to some weather events and also to some cases connected to the 
hydrological and climatic conditions of certain parts of the former Hungarian Kingdom 
from the period between 1301 and 1387. In addition, on the basis of the medieval database 
of the surrounding territories, another aim is to find possible connections, parallels between 
these databases and the records (mainly charters) reflecting on some weather events in 
fourteenth-century Hungary. Thus, this article is a continuation of an earlier study which 
was written on the same subject, but dealt with a shorter time period from. 1338-1358 (Kiss, 
1996). In this case, for a longer time-period, around one-third (about 10000) of the 
remaining charters from the Angevin period was investigated, mainly those which have 
been published in different collections. Moreover, the summary (regesta) collection of the 
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Hungarian National Archives was examined, and the available contemporary information 
on the hydrological conditions of the two largest lakes in the Carpathian Basin: Lake 
Balaton and Lake Ferto (Neusiedlersee) in the afore-mentioned period were also collected. 
This data collection consists of fifty direct or indirect records (Table I) contained useful 
and reliable (in case of uncertainty, I noted it with a question mark in Table 1) information 
related to such weather and other environmental events as deep snow, frost, too great or 
unusual floods etc. Nevertheless, there are only few narrative sources, namely some 
Hungarian and non-Hungarian chronicles, which also contain a very limited amount of 
further information. On the other hand, the information content of the whole database is 
quite different from a database from a diary or a chronicle, in which the most remarkable 
events were usually emphasised. Here, we have separate sets of information: each data 
came from different charters (or, in some exceptional cases, from chronicles). Moreover, 
charters often provide quite accurate information about one particular day: the day on 
which a perambulation was made. From these charters, we learn little about the actual 
conditions (e.g. the beginning or the end of the event), only the fact that it exsisted on a 
given day. Most (80%) were connected to certain weather events, and a smaller group of 
sources (20%) rather reflect on the changing conditions in the previously mentioned period. 
(Fig. 1) 
number of cases 
8 10 12 14 16 18 
Ü < • f : 
Fig. I Temporal distribution of the weather events between 1301 and 1387 in the Carpathian Basin 
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The spatial distribution of the fifty data is quite uneven: more than half of the 
information refer to the northern part of the kingdom while, for example, there are almost no 
sources related to the eastern and southeastern areas of the country (Fig. 2). This fact may be 
related to the relative lack of remaining contemporary sources in the southern and southeastern 
regions of the Carpathian Basin. The time distribution of the sources is also uneven: twenty of 
the fifty data are connected to events and conditions of the 1340s, which decade was also quite 
unfavourable in many otherparts of Europe. 
Although the number of sources and the type of events and conditions do not yield 
enough evidence to allow a proper reconstruction for any time in the fourteenth century, it is 
still important to compile a database in order to open up the possibility of a future comparison 
between the recorded weather and hydrological events of the former Hungarian Kingdom and 
other Central-European databases. Also, it could provide a basis for a future, larger collection 
of reliable sources refering to the medieval climatic conditions in certain parts of Hungary. 
Fig. 2 Spatial distribution of the weather events between 1301 and 1387 in the Carpathian Basin 
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THE CLIMATE OF EUROPE IN THE FOURTEENTH CENTURY 
The fourteenth century was a part of a transitional period between the 'Medieval 
Warm Epoch' and the .'Little Ice Age' when the first signs of the climatic deterioration 
became obvious. The first years of the 1300s were the turning point for the climatic 
changes in most parts of Europe. The abandonment of marginal regions in Europe, which 
had earlier become inhabited during the Medieval Warm Epoch, began at the end of the 
thirteenth century and increased throughout the fourteenth century. From the 1300s, wet 
years were more frequent in the first decades of the century which caused poor harvests and 
famines particularly in the western and northern parts of Europe which were the most 
overpopulated regions at that time. Another sign of these changes was that a growing 
number of mines in the Alps and the northern mountains of Central-Europe had to be closed 
by the miners because of increasing amounts of water and the more extreme weather 
conditions (Lamb, 1988. 48). The average number of frosty days in May multiplied in 
England (Lamb, 1982. 168), and the population in the northern parts of Norway started to 
decrease dramatically (Lamb, 1982. 168). At the same time, shortly after 1300, a new, drier 
period began in the European territories of Russia and the severe winters became more 
frequent in the northern half of the.Great Eastern-European Plain (Lamb, 1982. 196). 
The period between 1310 and 1347 was especially wet in Western Europe (Lamb, 
1988. 58). Because of these circumstances, the tree-line was 100 or.200 m lower in the 
higher mountains of Europe (Lamb, 1982. 195). During these wetter and cooler times, there 
were two periods which were enormously unfavourable for. the population of Europe. 
Between 1303 and 1328 cold winters prevailed (Pfister et a/., 1996. 100), while the 
following decades until the mid 1350's average winters were predominant without real 
extremities. (Pfister et a!., 1996. 101) In 1342, the trade routes of the Vikings were replaced 
to the southern regions of the Atlantic ocean because of the great mass of ice around 
Iceland and other northern islands. Because of the unusal weather conditions, the harvests 
of these years were poor and from 1348 until 1352 one third of the population of Europe 
died from the plague and famine. The glaciers of the Alps attained their greatest medieval 
extent around 1350. After this time glaciers began to decrease again (Lamb, 1988. 44). 
While in the western and northern parts of Europe wet climatic conditions 
dominated until the 1370s, in the Czech Kingdom dry summers became more common 
between 1360 and 1380. Winter temperatures of Europe were quite variable in the period of 
1355-1375 with an extremelly severe winter of 1363/4 (Pfister et al., 1996. 101); in the 
Czech areas, mild winters dominated from 1340 until 1390, though between 1340 and 1370 
these winters were not only unusually mild but quite dry as well (Brazdil and Kotyza, 1995. 
161). Russia lived through one of the driest times in her history during the period between 
1360 and 1380 (Borisenkov-Paseckij, 1983. 91-92). The winters of the last decades of the 
century were close to the temperature averages of the 'Little Ice Age' without great 
extremities (Pfister et al., 1996. 102). 
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In conclusion we can say that the climate of the fourteenth century was cooler and 
wetter in some parts, but more disturbed than in earlier times. This century was especially 
different from the previous centuries because of the new climatic effects on food production 
which were followed by a sharp decrease of population. 
COMPARISON TO THE AVAILABLE SOURCES OF THE NEIGHBOURING AREAS 
In comparison with European, but especially Central-European conditions, some 
parallels can be presumed, which should provide results after further examination. As a 
basis of comparison, the data, based on contemporary sources from the books of P. 
Alexandre and R. Brazdil and O. Kotyza, were used. Applying the database of Table 1, I 
refer only to those events for which I could find any comparison or even contradiction in 
the database from the surrounding territories. 
No. 3-5.: There are at least three available sources which refer to river floods (even 
the Danube) in 1316, not only for Hungary but also for other parts of Central Europe such 
as Poland, as well as the Czech, the German territories and Poland (Brazdil and Kotyza, 
1995. 111). High prices in the Upper-Hungarian area was also mentioned for 1316 in a 
charter written in 1342. 
No. 7.: The serious freezing over of the Bodrog river could happen between 1316 
and 1322. In the surrounding countries, the winter of 1317 was long and cold (Alexandre, 
1987. 744). From this information we may presume that this event occured in 1317. On the 
other hand, the presence of King Charles Robert in the vicinity of the river - because of the 
political circumstances of the time (Kristó, 1988. 52) - would suggest that this happened in 
the next winter of 1317-8 which was not really cold in other parts of Europe (Pfister et al., 
1996.104) 
No. 8.: The inundation on the upper part of the Tisza river is quite important as it 
occured in the second half of February in 1325, and covered quite large areas in the 
northeastern part of the Great Hungarian Plain. It is interesting to note that there was a 
flood in on the Ohre river in the Czech Kingdom (Brazdil and Kotyza, 1995. 112, 234) 
"which was caused by a quick thaw of snow in the mountains". 
No. 11-13.: The winter of 1334 and 1335 was very hard and snowy in the Czech 
territories (Brazdil and Kotyza, 1995. 235) and this was the prevailing condition in other 
parts of Europe (Pfister et al., 1996. 104) such as many parts of the French Kingdom 
(Alexandre, 1987. 755). Some parallels may be indicated in a charter which mentiones the 
fact that the flood around the 4th April, 1335 was too large: it was so serious that "the 
whole county of Ungvár in this area" was inundated. This large flood may also refer to the 
abundance of previous winter precipitation in the mountains. 
The waterlevel of Lake Balaton was around 106 m above the Adriatic sea level in 
1335 (today it is 105 m), but - as we know from an archaeological reconstruction - it rose 
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quite rapidly in the fourteenth century so that researchers were able to estimate the possible 
waterlevel in 1335. Concerning Lake Fertő (Neusiedlersee), there is more infomation which 
refers to some elements in the hydrological condition of the lake including meadows "in 
Fertew" showing that the waterlevel could not have been high at that time. On the other 
hand, the weather reports connected to the Czech lands probably has more connection to the 
rising waterlevel of Lake Balaton, since both the winter and the summer of 1335 were quite 
cold and rich in precipitation (Brázdil and Kotyza, 1995. 235). 
No. 19-26.: For the year of 1342, seven data could be found which referred to 
weather events: this is a much higher number than in any other periods of the fourteenth 
century. This year was also rather difficult in many parts of Europe outside of the 
Carpathian Basin. The winter of 1341-2 was severe with much snow and great frosts in 
Moravia and the Czech lands (Brázdil and Kotyza, 1995. 235) and high prices were 
mentioned although without date (Brázdil and Kotyza, 1995. 236). 
On the 1st February, in 1342, there was an early, great flood on the Vltava, Elba and 
Morava rivers which appeared with warm southern winds, thaw and rain (Brázdil and 
Kotyza, 1995. 236). Three days later, on the 4th February, a data refers to another flood 
which occured on the Szinva river, in the lower, southern region of the northeastern 
Carpathians. The exact date of the beginning of this flood is uncertain, but the flooding was 
already occuring on the afore-mentioned day. Therefore, we can presume some parallels 
between the meteorological and hydrological events in these two areas. Other floods were 
also reported from the same year on the Zsitva (Table I) and then, probably on a land, not 
far from the Lower-Danube (Table 1). Concerning the hydrological conditions of the river, 
it is even more possible as the winter was also snowy in the montainous parts (Alps) of the 
catchment area of the Danube. Moreover, the autumn floods of the Dráva river in the 
southwest and of the Tapoly and Ondava rivers in the northeastern part of the country were 
also reported which may also have certain parallels with the weather conditions of other 
parts of Europe. 
No. 30-31.: In the spring of 1346, another great flood of the Tisza river was 
mentioned in a charter: this event has probable connections to the weather in certain parts 
of Europe (Alexandre, 1987. 756). 
No. 34.: In the middle of January in 1349, there was a serious flood on the Tisza, 
which influenced large areas in the northeastern parts of the Great Hungarian Plain. 
Additionally, the winter in Austria was heavy in precipitation. The same was also true for 
Styrie and Carinthie (Alexandre, 1987. 247). 
NO. 36.: In 1352, the king's army crossed the northeastern Carpathians, through the 
so called Ruthenian Mountains. Although the exact date of the event is still uncertain (end 
of winter, beginning of spring), during the four days, when they were crossing the 
mountainous area, they had to walk in deep snow which reached the saddle of the horses. 
No. 40.: In the mountainous villages of the northwestern Carpathians, deep snow 
was described for the first part of May, 1361. The winter of 1361 was also quite severe in 
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Austria (Alexandre, 1987. 249). 
No. 41-42.: The deep of snow and the severity of winter was mentioned in 1364, 
referring to large areas (lands in two different counties) south to Lake Balaton, in the 
Transdanub ian region. In the same year, the winter was also severe and snowy in many 
parts of Europe (Alexandre, 1987. 249), and was mentioned as perhaps the most severe 
winter of the period (Pftster et al., 1996. 102). These circumstances could have caused the 
problems in food supply and the high prices in the country, in 1364, as well (Table 1). 
Clearly, only around half of the sources can be compared to any kind of information 
connected with contemporary weather conditions in the surrounding territories. 
CONCLUSIONS 
This database can provide good, but mainly everyday examples which makes it 
imposible to reconstruct the beginning, the duration and the end of given meteorological 
event. The amount of information is so few that reconstruction cannot be made. Many of 
the examples refer to hydrological events or the abundance of precipitation. Another part is 
connected to unusually cold temperatures. Because of the type of the source material, other 
types of weather events or changes could appear only exceptionally in the charters (such as 
high prices etc.) 
Concerning the relative lack of proper narrative contemporary sources -related to 
the weather events of the Hungarian Kingdom - we cannot reconstruct the probable 
influences of the climatic changes of the fourteenth century. However, using the evidence 
from written sources and archaeological research, and comparing the collected data to the 
Central and Western European databases, some parallels can be recognised. 
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Table / Records of weather and hydrological events in Hungary in the period between 1301 and 1387 
number 
of data ' 
source county place year month, 
day 







1309 frequent floods Garam 
2 G. Hain 
Chr., 17 
















2/93 .0 . 
Sáros Pécs-Újfalu 1316 - high prices -
6 AOklt. 7/48 Szerems 
(?) 
Száva river 1319 winter vicissitudinous 
weather 
-
7 DL 99892 Zemplén 
(?) 
Bodrog river Before 
1322 
winter thick ice on the 
river 
-
8 DL 96117 Szatmár Vetés, Voja 1325 21 February flood Tisza. 
Kraszna, 
Tur 
9 AOklt 12., 
DF 282744 
' Hont Szántó 1328 between 8 




10 DL 102897 Ungvár Tasolya, Pálóc 1334 beginning 
of April 




Ungvár Szelmenc and 
this part of the 
whole county 




Zala Zalavár 1335 June rising waterlevel 
of the Balaton 
-
13 Bgl.4/87-8 Sopron Széplak 1335 the waterlevel of 














Baranya the (ferry) 
harbour at Eszék 
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number 
of data 
source county place year month, 
day 
event floods of 
rivers 
16 AO 3/597 Gömör Csoltó. Lekenye 1339 before 31 
August 
flood the waters 










18 Kub. 2/160 Gömör Harmac 1341 8 
November 
flood Rima 
19 DL 75835 Borsod Déta, Korcs 1342 4 February great flood Szinva 
20 DL 58509 Bács Arányán 1342 a day 
between 11 
April and 7 
May 
floods Danube (??) 
21 AO 4/289 Bars Besenyő 1342 25 April inundation of 
waters 
Zsitva 
22 AO 4/284 Pozsony Báhony, Zámoly 1342 15 
September 
hard times, deep 
snow 
-
23 DL 68845 Sáros Tarkő, Lucska, 
Haruncsár 
1342 5 day 
between 21 
July and 19 
August 
strong frost, cold 
weather 














26 Zichy 2/58 Zámmonostor Before 
1343 
probable floods 
of the previous 
times 
Hortobágy 
27 AO 4/341 Heves-
újvár 
Kömlő 1343 15 May flood and hard 
times 
Tisza 


























source county place year month, 
day 
event floods of 
rivers 
31 DL 3794 Felk 1346 previous floods Danube (??) 
32 AO 5/119 Borsod Ónod, 
Hidvég 




33 DL 30383 Küküllő Dombó 1348 19 October flood Kis-
Kukiillo 








floods of waters near the 
Tisza and 
Szamos 













saddle of the 
horses 
37 AO 6/527 Ungvár Sislóc 1356 7 December too great flood Ung 
38 Zichy 3/61, 
67, 93, 128 




39 AO 7/16-9 Hont Tarcsány 1358 20 January winter weather, 
frozen ground 
-
40 DL 90540 Turóc between Nadasér 
and Polereka 
1361 10 March deep snow -












Hungary 1364 high prices -









? ? 1367 13 January flood the 
catchment 




Some weather events in the fourteenth century II. (angevin period: I301-8T) 
number 
oldata 
source county place year month, 
day 
event floods of 
rivers 































49 DL 106183 Fejér Halász 1377 1 July flood Danube 
50 DL 96560 Zemplén Rozvág, Cigánd 1381 
(?) 
6 (?) March flood, bad 
weather 
Tisza 
NOTES TO THE QUESTION.OF LOCALISATION 
Due to the changes of the early 20th century, many of the places, mentioned in Table 
/, can be found today in the neighbouring countries. Because of this, it is also important to 
give the present names of these settlements (if they exist): 
Croatia: • 
15. Eszék = Osijek 
Romania: 
33. Dombó = Dámbau 
47. Gyógy = Stremt, Orbó = Gárbova de jos, Enyed = Aiud 
Slovakia: 
1. Garamszentbenedek = Hronsky Benadik, Lehotka = Lehota 
2. Szepesség = Spis region 
5. Pécs-Újfalu = Pecovská Nová Ves , 
9. Szántó = Sántov 
10. Tasolya = Tasul'a, Pálóc = Pavlovce nad Uhom 
14. Trócsány = Trocany • 
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16. Csoltó = Coltovo, Lekenye = Lekena 
17. Páka = the area of the present Vel'ká Paka 
18. Harmac = Hrmavec 
21. Besenyő = BeSenov 
22. Báhony = Báhon, Zámoly = abandoned land near Báhon 
23. Tarkő = Kamenica, Lucska and Haruncsár - abandoned settlements near Kamenica 
35. Panyit = Poniata 
39. Tarcsány = Horné-Semerovce 
40. Nadasér = Nedozor - today it is part of RakSa, Polereka = Polerieka 
Ukraine: 
11. Szelmenc = Solonci - today it is part of Komarovci 
34. Badaló = Badolovó 
37. Sislóc = Sislovci - today it is part of Tarnovci 
38. Daróc = Dravci - today it is part of Uzshorod 
Yugoslavia: 
20. Aranyan = abandoned land northwest to Petrovaradin 
ABBREVIATIONS OF PRIMARY SOURCES 
Anonymous Minorite: Geréb, I. and Trencséni-Waldapfel, I., 1960: The chronicle of the 
Anonymus Minorite and János Küküllei. Budapest. 
AO: Nagy, I. and Tasnádi Nagy, Gy., 1878-1920: Codex diplomatarium Hungaricum 
Andegavensis. 7 Vols, (in Hungarian) Budapest. 
AOklt. 2: Kristó, Gy., 1992: Cartulary of the Angevin Period: 1306-1310 (in Hungarian). 
Vol. 7. Budapest-Szeged. 
AOklt. 7: Blazovich, L. and Géczi, L., 1991: Cartulary of the Angevin Period: 1339 (in 
Hungarian). Vol. 7. Szeged. 
Anjou Okit. 12: Almási, T:. Cartulary of the Angevin Period: 1328 (in Hungarian). Vol. 12. 
Szeged. Manuscript 
AOklt. 23: Piti, F., 1999: Cartulary of the Angevin Period: 1339 (in Hungarian). Vol. 23. 
Szeged. 
Bgl.: Lindeck-Pozza, /., 1985: Urkundenbuch des Burgenlandes und der angrenzenden 
Gebiete der Komitate Wieselburg, Ödenburg und Eisenburg. Die Urkunden von 1328 bis 
1342 mit Nachtragen von 1284 bis 1318. Vol. 4. Vienna. 
Chron. Aulae Regiae: Chronicon Aulae Regiae Lib. I. Abbati Ottonis et Petri de Zittau. Ed.: 
Fontes Rerum Bohemicarum. Praha, 1873. 
Chron. Leobiensis: Zahn, J., 1889: Chronicon Leobiensis. 
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DL, DF: Archives of Diplomatics (Hungarian National Archives, Collection of medieval 
charters) 
Fejér: Fejér, Gy., 1829-1844: Codex Diplomaticus Hungáriáé ecclesiasticus ac civilis. 
Budae 
G. Hain Chr.: Véber, K. (ed.), 1988: Chronicle and annales of the Szepesség and Lőcse for 
the kind posterity by Gaspar Hain, (in Hungarian) Budapest. 
Károly: Károly, J., 1898: History of Fejér county. Vol. 2. Székesfehérvár 
Károlyi: Géresi, K., 1882-1897: Codex diplomaticus comitum Károlyi de Nagykároly. 5 
Vols. Budapest. 
Kub.: Kubinyi, F., 1888: Diplomatarium Hontense. Vol. 1. In: Monumenta Hungáriáé 
Histórica II. Budapest. 
Schmauk: Schmauk, M., 1889: Supplementum Analectorum terrae Scepusiensis. Pars II. 
Szepesváralja. 
Wenzel: Wenzel, G., 1871-1876: Acta ext er a Andegavensia. Vol. 1-3. Budapest. 
Zala: Nagy, l. and Véghelyi, D., 1886-1890: The history of Zala county. Chartulary. 2 Vols. 
(in Hungarian). Budapest. 
Zichy: Nagy, /., Nagy, I. and Véghely, D., 1871-1931: Codex diplomaticus domus senioris 
comitum Zichy de Zieh et Vásonkeő I-XII. Pest-Budapest. 
Z.W.: Zimmermann, F., Werner, C. and Müller, G., 1892-1981: Urkundenbuch zur 
Geschichte der Deutschen in Siebenbürgen. I-VI. Hermannstadt-Köln-Wien-Bukarest. 
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ANALYSIS OF ELEMENTAL COMPOSITION OF ATMOSPHERIC AEROSOL 
IN INDONESIA 
L. M AKRA', I. BORBÉLY-KISS2, E. KOLTAY2 and SUTIKNO3 
'Department of Climatology and Landscape Ecology, University of Szeged 
P.O.B. 653, H-6701 Szeged, Hungary, E-mail: makra@geo.u-szeged.hu 
" Institute of Nuclear Research, P.O.B. 51, H-4001 Debrecen, Hungary 
3Gadjah Mada University, Faculty of Geography, Bulaksumur, Yogyakarta 55281, 
Indonesia 
Összefoglalás - Makra László indonéziai terepi műszeres expedíciója során, 1996-ban 7 db aeroszol mintát 
gyűjtött Jáva és Bali szigetén, részben tengerparti, részben nagyvárosi, sűrűn lakott környezetben. A mintákat 
PIXE-módszerrel analizáltuk. Ismertetjük az aeroszol minták elemi összetételét és feldúsulásukat. A minták a klór, 
a kén. a réz, a cink és a neodímium szignifikáns földúsulását mutatják mind Jáván, mind Bálin. Míg a klór tengeri 
eredetű, a ken részben antropogén, jelentős része viszont az óceánból származik, s biogén eredetű. 
Summary - During a Hungarian expedition in 1996, seven aerosol samples were collected by László Makra in 
Indonesia, partly in the polluted air of overpopulated Javanese towns, partly in the clean air of Javanese and 
Balinese seashores,. The samples collected were analysed by the PIXE-method. Elemental composition and 
enrichment of the elements are shown in this study. As a conclusion, chlorine, sulphur, copper zinc and 
ncodymium are highly concentrated all over the country. While chlorine can be considered of marine origin, 
sulphur is partly of anthropogenic partly of biogenic origin and this latter comes from the sea. 
Key words: PIXE-method, elemental composition, enrichment factor, non-crustal fraction, 
Java, Bali 
INTRODUCTION 
Indonesia is situated between the mainlands of Asia and Australia and is 
surrounded by the Pacific and Indian Oceans. Two-thirds of the total area of Indonesia is 
water whereas the country itself, with its more than 13700 islands (about 6 thousand of 
which is inhabited), is spread out along the Equator. 
Due to the structure of the islands and their geographical location, the air over 
Indonesia is warm and humid with near-equal daily and yearly temperatures and water 
vapour near to saturation at sites near sea level. The climate is almost entirely controlled by 
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the monsoon, especially in the southern part of the country. The Northern Hemisphere 
winter corresponds to the wet season whereas the dry season occurs during the Southern 
Hemisphere winter. The region in which air, coming from the. Northern Hemisphere, meets 
air from the Southern Hemisphere plays an important role in the weather of Indonesia. This 
region is known as the Intertropical Zone of Convergence. Along this region the weather is 
usually cloudy and rainy, and sometimes a line of cumulonimbus clouds, with tops reaching 
15 km or more, can be found. 
In general, the wet season prevails in the area north of the Conwergence Zone, and 
the dry season prevails south of it. Although the season is called "dry", this does not 
necessarily mean that there is no rain at all. Wet and dry seasons are distinguishable but, in 
general, there is no month without rainfall. In fact, according to Köppen's classification, a 
tropical rainforest climate predominates in Indonesia (Landsberg, 1969). 
• The Indonesian islands are situated just at the border of the Asian and Australian 
mainlands. Hence this is the region of frequent structural movements, consequences of 
which are earthquakes and volcanic eruptions. The country is usually called as the land of 
volcanoes. There are altogether 240 volcanoes here, from which 80 are working even 
nowadays. Because of the intensive volcanic activity, soil is very fertile and is full with 
minerals. 
According to our examinations samples were taken in Java and Bali Islands. While 
Java is overpopulated and concentrated with heavy industry, on Bali there are no industrial 
sources for air pollution. 
The elemental composition of atmospheric aerosol particles has been studied 
widely during the last three decades. Aerosols play an important role in the atmosphere, e.g. 
by modifying radiation, cloud and fog formation and precipitation; even they influence 
human health. The reason for such measurements is to estimate the environmental impact of 
the particles on local, regional and global scales. Among other things, samplings in the 
atmosphere, far from human activities, have been carried out under oceanic and continental 
conditions to investigate the global cycle of aerosols (e.g. Mészáros, 1978; Penkelt el al., 
1979\ Adams et al, 1980, 1983; Winchester et al., 1981a, 1981b; Morales et a/., 1990). On 
the other hand results may show characteristics of anthropogenic pollution in overpopulated 
cities in Asia being highly industrialised compared with background regions (e.g. 
Winchester et al., 1981a, 1981b; Ha et al., 1987; Winchester and Wang, 1989; Hashimoto 
et al., 1994; Ning et al., 1996; Zou and Hooper, 1997). 
Several papers have been published about air pollution characteristics, of urban and 
non-urban regions of Indonesia (e.g. Zou and Hooper, 1997; Cohen, 1998). According to 
the analysis of Zou and Hooper (1997), crustal dust contributes significantly to both coarse 
and fine fraction of aerosol in the air of Jakarta. Nevertheless few information is available 
on the aerosol in the air over Indonesia. Elemental composition of atmospheric aerosols was 
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analysed in the Asian region e.g. over Lake Baikal (Van Malderen et al., 1996); Northern 
China (Winchester et al., 1981a, 1981b; Fan et al., 1996); and the Loess Plateau, China 
(Zhang el al., 1993). 
One of the frequently applied techniques of elemental analytics of atmospheric 
aerosols is the PIXE method. Possibilities of this procedure are discussed, among other 
papers, in comprehensive studies of Koltay (1990), furthermore Maenhaut and Malmqvist 
(1992). Authors of the present manuscript applied this technique, among other papers, in 
Borbely-Kiss et al., (1991, 1999), Molndr et al., (1993b, 1995) for qualification of regionai 
aerosols. Technical details are given in these papers. 
The aim of this paper is to characterise the elemental composition of aerosol 
samples collected in the air over Indonesia. 
SAMPLING AND ANALYSIS 
Atmospheric aerosol particles were collected on Nuclepore polycarbonate filters of 
15 mm diameter with pore size of 0.4 ц т . After samplings, the filters were placed into 
small plexiglas boxes sealed carefully. The filters were kept in these boxes until their 
analysis in Hungary. 
We collected four samples in Java and three in Bali Island (Fig. I). The latter 
mentioned three samples were taken at Adika Sari, Bali, at the same site. Three of the 
samples were taken from urban areas [Jakarta, Bandung and Yogyakarta (Java Island)] and 
the other four samplings were performed at seashore [Carita, Labuan (sampling site No. 1.), 
one measurement and Adika Sari, Bali (sampling site No. 5.), three measurements]. Carita 
and Adika Sari (with four samples connected actually to two sites) can be considered as 
background areas. This means that they are not influenced directly by local pollution 
sources. The geographical positions and characteristics of the sampling sites are given in 
Fig. / and Table I. 
Table I Date of samplings; geographical positions and description of sampling sites, Indonesia 
Sample 
No. 
Date H (m) <p(°S) M ° E ) Site description 
1 04 May 2 6° 50' 105° 57' Carita, Labuan (seashore) 
2 07 Mav 7 6° 11' 106° 50' Jakarta (urban site) 
3 09 Mav 709 7° 05' 107° 56' Bandung (urban site) 
4 I 1 May 116 7° 38' 110° 34' Yogyakarta (urban site) 
5n 17 Mav 12 8° 4Г Il 5° 26! Adika Sari, Bali (seashore) 
5b 19 Mav 12 8° 4 Г 115° 26' Adika Sari, Bali (seashore) 
5c 21 May 12 8° 4Г 115° 26' Adika Sari, Bali (seashore) 
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Fig. I Position of sampling sites in Indonesia with spatial distribution of elements enriched over ten, excluding 
sulphur, chlorine, copper and zinc 
The sampling was performed at 1.5 m height. The filter holder was connected to a 
vacuum pump, which was operated at a flow rate of approximately 20 1 min'1. The pump 
was equipped with an automatic timer system and a gas meter. The gas meter was calibrated 
before the programme. On the basis of this calibration the accuracy of volume 
measurements was ± 2 % . The sampling time was about 1.5-2 hours during which at least 1 
m3 but not more than 2 m3 of air was sampled. The electric current to function the pump was 
supplied by an electric generator. Exhaust gases from the generator were conducted 
downwind with a tube. Thus seven aerosol samples were obtained. 
The elemental composition was determined by the particle induced X-ray emission 
(PIXE) method. The details of the analysis are described elsewhere (Koltay, 1988). The 
samples were irradiated by 2 MeV proton beam supplied by the Van de Graaff nuclear 
accelerator of the Nuclear Research Institute of the Hungarian Academy of Sciences, 
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Debrecen, Hungary. Eighteen elements (with atomic number 13 and over) were detected by 
this procedure: Al, Si, S, CI, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Br, Ba, Nd and Pb. The 
detection limits are between 2-100 ng m"3 depending on the elements. The blank value for 
each element was carefully checked. It was found that, except for bromine, blanks could 
practically be neglected compared to measured concentrations. For this reason 
concentrations and enrichment factors for bromine were omitted from further examinations. 
The error of quantitative analysis was lower than 10 % as discussed in more details by 
Koltay{ 1988). 
RESULTS AND DISCUSSION 
The absolute concentrations as well as the enrichment factors of 17 elements found 
in the samples are shown in Table 2. 
Table 2 Concentration (x: ng m"3) and enrichment factor (EF) of different elements, relative to average crust data, 
in the atmospheric aerosol over the regions of Indonesia 
Ele-
ments 
Sam nlel Sam nie 2 Sam Ble3 Sam pie 4 Sam nie S Sam pie 6 Sample 6 
X EF X EF X EF X EF X EF X EF X EF 
AI 302 0.54 421 0.46 869 0.53 255 0.58 222 0.80 < 120 < 120 
Si 514 0.27 1415 0.45 2775 0.50 1043 0.69 498 0.53 164 0.43 294 0.52 
S 813 458.7 603 204.1 357 68.7 317 223.5 488 550.5 351 990 419 787.9 
CI 5138 5798 105 71.1 277 106.5 756 1066 2932 6615 1396 7874.5 1847 6946.1 
K 218 1.2 181 0.61 310 0.6 300 2.1 208 2.4 134 3.8 118 2.2 
Ca 654 2.6 974 2.4 1882 2.6 677 3.4 456 3.7 159 3.2 407 5.5 
Ti 30 =1 50 = 1 88 =1 24 =1 15 =1 6 = 1 9 = 1 
V 11 12 7 4.6 10 3.7 3 4.1 9 19.6 6 32.6 5 18.1 
Cr 32 46.9 30 26.4 23 11.5 17 31.2 37 108.5 35 256.7 30 146.7 
Mn 17 2.6 21 1.9 36 1.9 15 2.9 7 2.2 < 5 6 3.1 
Fe 439 1.3 627 1.1 1093 1.1 279 1.02 157 0.92 65 0.95 97 0.95 
Ni 5 9.8 5 5.9 8 5.3 < 3 4 15.6 2 19.6 3 19.6 
Cu 28 74.7 20 32 10 9.1 6 20 38 202.6 13 173.3 7 62.2 
Zn 11 23.1 48 60.3 30 21.4 14 36.7 4 16.8 < 6 3 21 
Ba 46 15.9 14 2.9 16 1.9 7 3 26 17.9 16 27.6 23 26.5 
Nit 64 335.3 19 59.7 26 46.4 15 98.2 41 429.5 22 576.2 31 541.3 
Pb < 12 31 209.8 217 834.6 22 310.2 < 12 < 12 < 12 
Considering the absolute concentrations, the concentration of chlorine is found to 
be at least one order of magnitude higher than that of the other elements in case of the 
seashore sites. Following chlorine, silicon, sulphur and iron show the highest 
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concentrations. The concentration of silicon is one order of magnitude higher over urban 
areas (Jakarta, Bandung and Yogyakarta) contrary to seashore sites. 
The enrichment of element X relative to average earth crust composition is given 
by the enrichment factor EFTi(X) defined as 
EFTi(X) = (X/Ti)a i r/(X/Ti)cnis t, (1) 
where Ti is used as a reference crust derived element (Mason, 1966), (X/Ti)air is a 
concentration ratio of an element X to that of Ti in atmospheric particulates and (X/Ti)cmsl is 
a concentration ratio of an element X to that of Ti in crust. By using this approach, 
enrichment factors less than 1 for A1 and Si were found at each station, which means that 
even Ti is partly enriched. The use of titanium as reference element is due to the applied 
analytical method. At PIXE-analysis the detection limit and the accuracy of the method 
depend on the atomic number of the given element. The error of determining A1 is bigger 
than that of Ti. Furthermore, Ti has less other (anthropogenic) sources than A1 and Fe (see 
e.g. Borbely-Kiss el al, 1991). 
According to the enrichment factors aluminium, silicon, potassium, calcium, 
manganese and iron are normally taken to be crustal elements, namely their EF at 
continental sites are below ten, while that of sulphur, chlorine and chromium is well over 
ten. The enrichment of these elements requires some explanation. Sulphur seems to be 
enriched everywhere over Indonesia. Generally, most part of S in the air can be found in 
fine modes of aerosols (size of them is less than 2.5 urn) which are of secondary origin. 
These aerosols transform to ammonium sulphate drops by chemical processes and can reach 
remote regions from their sources. In polluted urban areas it is due to oil combustion and 
industrial thermal processes, while at seashore sulphur comes from other source. 
Atmospheric sulphates are either emitted directly as primary particles or are products of 
gas-to-particle conversion which takes place in the atmosphere. Subsequently they can 
undergo numerous reactions and give rise to a wide variety of sulphates. Sources of S in the 
atmosphere are well known; oxidation of natural H2S and (CH3)2S results finally in S02 . On 
a global scale, the anthropogenic input of S0 2 is also very important. Biological particles 
can provide an attractive nucleating surface for SO, absorption and conversion to sulphates 
(Mamame and Noll, 1985). The absolute concentration of sulphur at sampling site No. 1. is 
the highest of all sites. This might partly be originated from the Krakatoa volcano settled in 
the Sunda strait, about 40 km away from the coasts of Western Java. During the period of 
sampling at site No. I, the Krakatoa was very active with smoke and ashes following heavy 
explosions. The EF of chlorine at each site (with the exception of site No. 2.) is well over 
100. However, chlorine can be considered of marine origin all over Indonesia, since even 
typical non-seaside cities are not further from the ocean than 200 km. At sites near to 
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seashore (about 200 km away from the sea) some 80 % of chlorine might be of marine 
origin (Cohen el a!., 1996; Cohen, 1998). Cohen (1998) received similar-result for Jakarta. 
We did not analyse sodium which, being of marine origin,' is also enriched in Jakarta (Zou 
and Hooper, 1997). According to Cohen et al. (1996), about 70 % of sodium at seashore 
sites is of marine origin. The enrichment of chromium in Indonesia shows similarity with 
that in North-western China. Cr might be partly of industrial origin both in urban sites 
(Jakarta. Bandung and Yogyakarta) and at seashore. Contrary to this assumption, urban sites 
show both lowest absolute concentrations and lowest EFs of chromium. Higher 
concentrations of chromium at seashore sites and its one order of magnitude higher EFs at 
sampling site No. 5, relative to those at urban sites, can be traced back partly to its soil 
origin. However, no local samples of soil are at disposal to confirm this hypothesis (Table 
2). 
The rest of the elements (nickel, copper, zinc, barium, neodymium and lead) are 
mainly of non-crustal ones. According to their enrichment factors, our most important 
results are that copper, barium and neodymium are enriched at seashores one order of 
magnitude higher than at urban sites; furthermore, lead is detected and at the same time 
highly enriched only at urban sites. The cities, where samplings were made, are the most 
populated (Jakarta: 10 million people; Bandung: 0.5 million people; Yogyakarta: 1 million 
people) and are full of various types and quality of cars. As an example Jakarta has the 
second largest traffic in the world (after Bangkok). The high concentration of lead in the 
cities origins directly from the gasoline of vehicles. Lead compounds can be on the one 
hand sulphates which are the result of automobile exhausts, on the other hand halides which 
are emitted by cars and can easily be converted into sulphates by reactions with S0 2 or 
H2S04 (Van Malderen et al., 1996). In accordance with our results Zou and Hooper (1997) 
found also high concentration of lead and even zinc in Jakarta. Nickel, copper and zinc 
seem to be enriched all over Indonesia. They are mainly products of non-ferrous metallurgy. 
Seashores are enriched with them, probably owing to their short distance from industrial 
centres (Fig. I and Fig. 2). 
The fraction of elements coming from non-crustal sources [(cx)*] can be calculated 
by the following formula (Mason, 1966): 
(c ) -Cc ) •(—) V x /air \ lis air \ /crust 
(cx )* = — ^ , where (2) 
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(cx)air •' is the concentration of an element x in the air 
(c-n)air: ¡s the concentration of titanium in the air 
(Cx)crust: is the concentration of an element x in the crust 
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Fig. 2 Enrichment factors of 17 elements at five Indonesian sites 
The non-crustal fractions of the detected elements are shown in Table 3. According 
to the results a substantial part of potassium, calcium, manganese and iron comes to the air 
from the Earth' crust, while aluminium and silicon is entirely of crustal origin. V, Cr, Ni, 
Cu, Zn, Ba, Nd and Pb are mostly emitted by anthropogenic sources. Chlorine comes 
basically from the sea, while a substantial part of sulphur originates from anthropogenic 
sources. 
CONCLUSION 
Absolute concentrations of chlorine are higher than those of sulphur only at 
seashore sites. S and CI are highly enriched at each sampling sites. Most part of chlorine is 
supposed to come from sea spray, while a substantial part of sulphur presumably comes also 
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seashore sites, much higher than at urban sites. This shows similar result to high chromium 
concentrations in the Takla Makan Desert (Molnár et al., 1993a; Makra et ai, 1999), which 
confirms our hypothesis of its soil origin. Cu, Zn, Ba and Nd are highly enriched at each 
site, while Pb is only enriched at urban sites. They all can mostly be attributed to 
anthropogenic sources. 
Table 3 Noii-crustal fractions of aerosol particles, relative to average crust data, % 
Ele- Sample No. 
ments I 2 3 4 5a 5b 5c 
A1 0 0 • 0 0 0 0 0 
Si 0 0 0 0 0 0 0 
S 100 100 99 100 100 100 100 
CI 100 99 99 100 100 100 100 
K 17- 0 0 52 58 74 55 
Ca 62 58 62 71 73 69 82 
Ti 0 0 0 ' 0 0 0 0 
V 92 78 73 76 95 97 94 
Cr 98 96 91 97 99 100 99 
Mit 62 47 47 66 55 68 
Fe 23 9 9 2 0 0 0 
Ni 90 83 81 94 95 95 
Cu 99 97 89 95 100 99 98 
Zn 96 98 95 97 94 95 
Ba 94 66 47 67 94 96 96 
Nil 100 98 98 99 100 100 100 
Pb 100 100 100 
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PIXE ANALYSIS OF ATMOSPHERIC AEROSOL PARTICLES 
IN NORTH-WESTERN CHINA 
L. MAKRA1, I. BORBÉLY-KISS2, E. KOLTAY2 and Y. CHEN3 
'Department of Climatology and Landscape Ecology, University of Szeged 
P.O.Box 653, H-6701 Szeged, Hungary, E-mail: makra@geo.u-szeged.hu 
' Institute of Nuclear Research, P.O.B. 51, H-4001 Debrecen, Hungary 
3Xinjiang Institute of Geography, Chinese Academy of Sciences 
40-3 South Beijing Road, Urumqi, Xinjiang 830011, China 
Összefoglalás - Makra László második kínai terepi műszeres expedíciója során, 1994-ben 21 db aeroszol mintát 
gyűjtött Északnyugat-Kína arid és rendkívül ritkán lakott térségeiben. A mintákat PIXE-módszerre! analizáltuk. A 
tanulmány legfontosabb eredménye annak kimutatása, hogy a kén, a klór, a króm, a réz és a cink szignifikánsan 
földúsul az Eszaknyugat-Kína fölötti légköri aeroszolban. Bebizonyítottuk, hogy a kén és a klór talaj eredetű. A 
króm, a réz és a cink koncentrációi nem ismeretesek a helyi talajban. Mégis valószínűsítjük, hogy földúsulásuk a 
légköri aeroszolban, anomalikusan magas talajkoncentrációjukra vezethető vissza. A kén és a klór eredete 
Északnyugat-Kínában eltérő a Föld egyéb, hasonlóan száraz és gyéren lakott régióihoz képest. 
Summary - Twenty-one aerosol samples were collected by László Makra in the air over arid regions of North-
western China during a Hungarian expedition in 1994. the The samples collected were analysed by PIE-method. 
The most important result of the study is, revealing highly enriched sulphur, chlorine, chromium, copper and zinc 
in the atmospheric aerosol over North-western China. It is clearly proved that sulphur and chlorine come from 
local soil. Concentration data of chromium, copper and zinc in local soil of North-western China are not available. 
However it is supposed that these elements come from local soil, as well. The origin of sulphur and chlorine here 
shows a difference from that of other similar lands of the Earth. 
Key words: elemental composition, enrichment factor, non-crustal fraction, China, Inner 
Asia 
INTRODUCTION 
North-western China is the innermost part of Eurasia, which covers a vast expanse, 
accounting for more than 20 per cent of the total area of China. It is bordered by the Altay 
Mountains from North, by the Kunlun Mountains from South, by the Pamir from West and 
by the Altin Mountains from East. North-western China has a strong continental climate 
with scarce precipitation and a great variation in its range of temperature. It is situated in 
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middle-latitude westerlies, where both high and low pressures are active. The region is 
under the Mongolian high for most of the winter half-year. During this period the region is 
frequently invaded by the polar and arctic air masses. Influenced by strong radiation cooling 
of the ground surface, the climate in the winter is mainly dry and cold. In summer, as the 
region is located at the northern fringe of the continental low, the strong westerlies convey 
vapour quickly. Most of the exposed ground surface is then heated to extremely high 
temperatures. Due to the dynamical and thermodynamical influence of the air currents from 
the Qinghai-Tibetan Plateau, a high altitude tropical continental air mass forms over the 
Tarim Basin. 
Deserts with gravel or sand cover vast areas. The largest one is the Takla Makan 
while the second largest desert is the Gurbantunggut which is found in the Junggar Basin. 
The climate here is dry with little cloud cover and abundant sunshine. This is the 
most arid region in China, with aridity over 4. In the Tarim Basin the annual precipitation is 
only about 50 mm and the aridity is over 10 (Domroes and Peng, 1988). [The aridity is a 
quotient of the radiation balance and the precipitation amount for a given region and period. 
This quotient is in direct proportion to the dryness of climate and inversely proportional to 
the water supply. If the aridity is higher than 1, the climate is arid (the radiation balance 
would make it possible to evaporate more water than that, which is at disposal), while if it is 
below 1, the climate is humid (the precipitation amount is higher than the potential 
evaporation). Aridity over 4 represents extremely dry regions.] 
The vegetation on the ground surface is sparse, the air is dry and dry winds blow 
frequently. Dry winds generally occur between April and August and often blow at a 
velocity exceeding 10 m s"' from late May to late June. The plants generally do not cover 
more than 20 per cent of the ground surface and sometimes as little as I per cent, e.g. the 
southern slopes of the Tianshan Mountains. Even there are large areas of gravel and shifting 
dunes void of any vegetation mainly in the extremely arid Takla Makan Desert and the 
Qaidam Basin. 85 per cent of the Takla Makan is shifting by winds. This is the largest 
shifting sand desert in the world. 
Soils in this region are grey-brown desert soil under the arid climate and aeolian 
sandy soil under the extremely arid climate. Under the influence of climate and vegetation 
the top of these desert soils contains little organic matter and there is no humus 
accumulation. It contains calcium carbonate in the upper layer and gypsum even in lower 
layers, too. There is a certain amount of salt in the soil, mostly sodium sulphate and sodium 
chloride. Because of the extreme aridity, the soil in the Tarim Basin also contains salt pans 
of chlorides, which are rarely found in desert soil in other parts of the world. The whole 
profile produces a medium or strong alkaline reaction (pH 8.0 to 10.0) (Ren and Bao, 
1985). 
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The Junggar Basin is found north from the Tianshan Mountains and south from the 
Altay Mountains. It receives slightly more precipitation than the Tarim Basin. Consequently 
its margins are steppes and only its interior is desert. 
The northern slopes of the Tianshan Mountains face to humid north-west current 
and receive much more precipitation than do the slopes at the same elevation in the Kunlun 
Mountains. The Tarim Basin south of the Tianshan Mountains is far drier than the Junggar 
Basin, and therefore the desert penetrates deep into the mountains here. 
The characteristics of the southern fringe of the Tarim Basin (the northern slopes 
of the Kunlun Mountains) are the extreme aridity. E.g. in the middle section of the Kunlun 
Mountains desert vegetation with mountain brown desert soil can be found up to 3500 m 
above sea level. 
The soil at the northern slopes of the Tianshan Mountains is grey-cinnamon forest 
soil, which produces a neutral to alkaline reaction with a pH value of between 7.0 and 8.0. 
The soil not only reflects some typical features in the formation of cinnamon soil 
(clayization and carbon accumulation) but also some in the formation of the grey forest soil 
(humus accumulation). 
Most areas in North-western China are closed inland basins without outlets for the 
runoff and salts. Because the climate is dry and there is strong evaporation, a heavy 
accumulation of salts has formed in the basins over a long time. Solonchak is widespread 
and the salt content in this is very high. (Solonchak is a soil type, which is rich in soda. Its 
soil structure is homogenous. Its upper layer is the saltiest and on its surface there is salt 
efflorescence from place to place and time to time.) The surface layer of the solonchak 
contains 2-5 per cent salts, while the solonchak in southern Xinjiang (this is the Chinese 
name of the province of North-western China) and the Qaidam Basin contains from 10-20 
per cent. Most of the solonchak in North-western China contains chlorides, sulphates or 
soda (RenandBao, 1985). 
This region is very rich in mineral resources although geologic mapping has not 
been completed. Rich supplies of coal, iron and ores can be found, however oil is the most 
important. The exploitaton of oil started in 1977 and by now North-western China has 
become the second region for oil production in China. Nevertheless, oil reserves in the 
Tarim Basin are as much as 12 billion tons, which are the largest ones in China and three 
times as much as those of the United States. The length of local rails is a mere 400 km and 
only parts of the highways are covered. Long-distance transportation is performed by lorries 
but local traffic, predominantly in the oases of the Tarim Basin, occurs by two-wheeled 
tumbrils drawn by donkeys. Local industry is developing faster in the last decade. Contrary 
to the present economic development, North-western China is far from major pollution 
sources and can be considered as a background region. 
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The elemental composition of atmospheric aerosol particles has been studied 
widely during the last three decades. Aerosols play an important role in the atmosphere, e.g. 
by modifying radiation transfer, cloud, fog and precipitation formations; even they influence 
human health. The reason of such measurements is estimating the environmental impact of 
the particles on local, regional and global scales. Among other things, samplings in the 
atmosphere far from human activities have been carried out under oceanic and continental 
conditions to investigate the global cycle of aerosols. In spite of these efforts (e.g. 
Mészáros, 1978; Penkett et al, 1979; Adams et ai, 1980, 1983; Winchester et al., 1981a, 
1981b; Morales et al., 1990;), the chemical composition of aerosol particles far from 
anthropogenic pollution sources over continents like Africa, South America and Asia is not 
well understood. 
Although several papers have been published on the air pollution characteristics of 
urban and other inhabited regions of China (e.g. Hu et ai, 1987; Ge et al., 1989; Hashimoto 
et a!., 1994; Zelenka et ai, 1994; Fan et al., 1996; Ming et al., 1996) nevertheless few 
information have been available from the aerosol in the air over Indonesia (e.g. Zou and 
Hooper, 1997) and in that over the vast regions of Asia. Elemental composition of 
atmospheric aerosols was analysed e.g. over Lake Baikal region (Van Malderen et at., 
1996); over Northern China (Winchester et al., 1981a, 1981b; Fan et al., 1996); in the 
Huangshan Mountain, Eastern China (Xu et ai, 1991); and on the Loess Plateau (Zhang et 
al., 1993). However, relatively few papers have been published in the subject over the huge 
innermost regions of Asia, and North-western China (Wang et al., 1987; Winchester and 
Wang, 1989; Molnár et al., 1993b; Hashimoto et al., 1994). 
One of the frequently applied techniques of elemental analytics of atmospheric 
aerosols is the PIXE method. Possibilities of this procedure are discussed, among other 
papers, in comprehensive studies of Koltay (1990), furthermore Maenhaut and Malmqvist 
(1992). Authors of the present manuscript applied this technique, among other papers, in 
Borbély-Kiss et al. (1991, 1999), Molnár et al. (1993a, 1995) for qualification of regional 
aerosols. Technical details are given in these papers. 
The aim of this paper is to present the results of aerosol samples collected in the air 
over North-western China (Xinjiang Province). 
SAMPLING AND ANALYSIS 
The geographical position and characteristics of the sampling sites are given in 
Fig. 1-2 and Table I (Samplings at sites No. 3., 19. and 21. were performed both in 1990 
and 1994. These sites were written by bold letters.) All the sites are characteristic for 
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regional background conditions. This means that they are not influenced directly by local 
pollution sources. 
Fig. I Map of China with the position of North-western China 
Atmospheric aerosol particles were collected in each case by means of Nuclepore 
polycarbonate filters with pore size of 0.4 urn. The sampling was performed at 1.5 m height. 
The filter holder was connected to a vacuum pump, which was operated at a flow rate of 
approximately 20 I min"1. The pump was equipped with an automatic timer system and a gas 
meter. The gas meter was calibrated before the programme. On the basis of this calibration, 
the accuracy of volume measurements was ± 2 %. The sampling time was about 1.5-2 
hours during which at least 1 m3 but not more than 2 m3 of air was sampled. The electric 
current to function the pump was supplied by an electric generator. The exhaust gases from 
the generator were conducted downwind with a tube. Thus, twenty-one aerosol samples 
were obtained in North-western China and seven samples in Indonesia. After samplings, the 
filters of 15 mm diameter were placed into small plexiglas boxes sealed carefully. The 
filters were kept in these boxes until their analysis in Hungary. 
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excluding sulphur, chlorine, copper and zinc 
The elemental composition was determined by particle induced X-ray emission 
(PIXE) method. The details of the procedure applied are described elsewhere (Koltay, 
1988). Briefly, the samples were irradiated by 2 MeV proton beam supplied by the Van de 
Graaff nuclear accelerator of the Nuclear Research Institute of the Hungarian Academy of 
Sciences, Debrecen, Hungary. Nineteen elements (with atomic number 13 and over) were 
detected by this procedure: Al, Si, S, CI, K., Ca, Sc, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Br and 
Ba. The detection limits are between 2-100 ng m'3 depending on the elements. The blank 
value for each element was carefully checked. It was found that, except for bromine, blanks 
could practically be neglected compared to measured concentrations. For this reason 
concentrations and enrichment factors for bromine were omitted from further examinations. 
The error of quantitative analysis was lower than 10 % as discussed in more details by 
Koltay (1988). 
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ble / Date of sampling: geographical positions and description of sampling sites, North-western China 
Sample 
No. 
Date H (m) <p(°N) X(°E) Site description 
1 12 June 3370 43° 10' 86° 55' Glacier No. 1. of Tianshan (mountain) 
16 June 1048 41° 55' 86° 46' Bosten-Lake 
3 17 June 885 41° 23' 86° 22' Yuli, Takla Makan (desert) 
18 June 860 39° 05' 88° 15' Ruoqiang, Takla Makan (desert) 
5 19 June 1240 38° 07' 85° 35' Qiemo. Takla Makan (desert) 
6 21 June 14-10 37° 02' 82° 50' Minfeng, Takla Makan (desert) 
7 22 June 2150 36° 39' 83° 05' Aryidake, Kunlun (mountain desert) 
S 23 June 1390 36° 49' 81° 40' Yutian, Takla Makan (desert) 
9 24 June 1720 36° 40' 81° 19' Tulake, Takla Makan (desert) 
10 25 June 1420 37° 07' 79° 59' Hotan, Takla Makan (desert) 
II 26 June 2150 36° 57' 79° 55' Yurungkash River, Takla Makan (desert) 
12 27 June 1315 37° 55' 77° 47' Yarkant, Takla Makan (desert) 
13 30 June 3010 37° 51' 75° 07' Tashkurgan, Pamir (mountain) 
14 01 July 3595 38° 29' 75° 02' Kara Kul Lake, Pamir, (mountain) 
15 02 July 1900 39° 02' 75° 47' Mayaz, Pamir (mountain desert) 
16 03 July 1410 39° 37' 75° 39' Kashgar, Takla Makan (desert) , 
17 04 .lulv 1 180 41° 16' 80° 19' Aksu, Takla Makan (desert) 
IS 05 July 1085 40° 39' 80° 47' Arlere Eku, Takla Makan (desert) 
19 07 July 1400 41° 55' 82°57' Du-ku, Tianshan (mountain) 
20 09 July 2420 42° 22' 83° 14' Dalong Chi, Tianshan (mountain) 
21 10 July 0 42° 39' 88° 47' Toksun, Turpani Basin (lowland, desert) 
RESULTS AND DISCUSSION 
The results of the analyses of samples are in Table 2a-c, where the absolute 
concentrations as well as the enrichment factors of 16 elements are shown. The enrichment 
of element X relative to average earth crust composition is given by the enrichment factor 
(EF)TI(X) defined as 
EFti(X) = (X/Ti)ai, / (X/Ti)crust ( I ) 
where Ti is used as a reference crust derived element {Mason, 1966), while (X/Ti)air is a 
concentration ratio of an element X to that of Ti in atmospheric particulates and (X/Ti)crusl is 
a concentration ratio of an element X to that of Ti in crust. The use of titanium as reference 
element is due to the applied analytical method. At PIXE-analysis, the detection limit and 
the accuracy of the method depend on the atomic number of the given element. The error of 
8 3 
László Makra, Ildikó Borbély-Kiss. Ede Koltay and Yaning, Clien 
determining A1 is bigger than that of Ti. Furthermore, Ti has less other (anthropogenic) 
sources than A1 and Fe (e.g. Borbely-Kiss et al., 1991). 
We can see from the Table 2a-c. that relatively high concentrations were found for 
aluminum, silicon, sulfur, chlorine, potassium, calcium and iron at each sampling site. 
Aluminum, silicon, potassium, calcium, vanadium, manganese and iron have enrichment 
factors near to 1 proving their crustal origin. The concentration of the elements of soil 
origin is extremely high in particular for the samples No. 4, 10, 11 and 12. All these 
samples were collected at the southern part of the Takla Makan Desert, several days after 
dust storms. In the Tarim Basin, predominantly occupied by the Takla Makan Desert, winds 
are frequent and violent in the summer half-year. Following dust storms, dust particles get 
deposited in several days, while visibility is very weak and it seems as if there were fog 
around. 
Table 2a Concentration (x: ng m" ') and enrichment factor (EF) of different elements relative to average crust 
data, in the atmospheric aerosol over the regions of North-western China 
Sam nle 1 Sam pie 2 Sam pie 3 Sam nle 4 Sam pie 5 Sample 6 Sam pie 7 
X EF X EF X EF X EF X EF X EF X EF 
Al 337 0.44 482 0.67 3217 0.48 6925 0.50 4349 0.33 2642 0.48 1295 0.60 
Si 2176 0.84 2281 0.93 17140 0.75 34320 0.73 21000 0.48 13790 0.74 5506 0.75 
S 516 212.9 439 190.5 1122 52.2 4034 91.5 2248 54.5 1544 87.9 485 70.7 
CI 108 89.1 71 61.6 1034 96.2 5056 229.5 2038 98.8 1500 170.8 465 135.6 
K 346 1.4 384 1.7 2727 1.3 5374 1.2 3532 0.86 2276 1.3 849 1.2 
Ca 1020 3 1044 3.2 11850 4 28690 4.7 13970 2.4 8350 3.4 3538 3.7 
Sc <20 <20 20 11 73 19.6 <20 <20 <20 
Ti 41 = 1 39 = 1 364 = 1 745 =1 703 = 1 298 = 1 116 = 1 
V 4 3.2 6 5 14 1.3 <3 <3 15 1.6 5 1.4 
Cr 5 5.4 9 10.2 39 4.7 53 3.1 75 4.7 32 4.7 8 3 
Mn 17 1.9 19 2.3 107 1.4 189 1.2 106 0.70 81 1.3 40 1.6 
Fe 605 1.3 563 1.3 4356 1.1 9576 1.1 5707 0.72 3542 1.05 1393 I.I 
Ni <3 4 6 17 2.7 49 3.9 67 5.6 26 5.1 
Cu 125 243.9 45 92.3 245 53.9 624 66.9 374 42.8 226 60.8 81 55.8 
Zn 51 78.2 20 32.2 166 28.7 300 25.3 266 23.9 131 27.7 48 26 
Ba <15 16 4.2 43 1.2 <15 <15 <15 <15 
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Table 2b Concentration (x: ng m"3) and enrichment factor (EF) of different elements relative to average crust 
data, in the atmospheric aerosol over the regions of North-western China 
Sam nie 1 Sam oie 2 Sam nleS Sam pie 4 Sam nie S Sam nie 6 Sam nie 7 
x EF x EF x EF x EF x EF x EF x EF 
AI 3368 0.53 2016 0.50 13420 0.43 5168 0.55 28520 0.35 1674 0.60 324 0.76 
Si 16350 0.75 10730 0.77 74160 0.70 23350 0.72 171300 0.61 7076 0.74 1170 0.81 
S 1065 52.4 900 69.2 4021 40.2 2883 95.4 6966 26.8 624 69.8 280 206 
CI 939 92.5 856 131.7 8023 160.5 4820 318.9 4526 34.8 203 45.4 48 70.6 
K 2489 1.2 1542 1.2 11510 1.2 3820 1.3 26610 1.03 1147 1.3 193 1.4 
Ca 8937 3.2 6485 3.6 44250 3.2 15480 6 118200 3.3 4405 3.5 529 2.8 
Sc <20 <20 230 27.2 38 14.9 699 31.8 <20 <20 
Ti 345 = 1 220 = 1 1680 = 1 509 = 1 4427 = 1 151 =1 23 = 1 
V 21 2 10 1.5 38 0.73 10 0.64 152 1.1 9 1.9 3 4.3 
Cr 52 6.7 26 5.2 353 9.2 52 4.5 492 4.9 11 3.2 8 15.3 
Mn 99 1.3 59 1.2 310 0.85 136 1.2 718 0.76 59 1.8 10 ' 2 
Fe 4332 1.1 2676 1.1 18500 0.96 6497 1.1 49700 0.99 1905 1.1 333 1.3 
Ni 41 7 21 5.6 <3 29 3.3 <3 <3 4 10.2 
Cu 255 59.3 166 60.4 1291 6.1 471 73.6 <3 12 6.3 6 20.9 
Zn 141 25.8 84 24 407 15.1 198 24.3 1596 22.8 114 47.4 16 43.7 
lia 87 2.6 <15 <15 <15 584 3.9 52 3.6 28 12.6 
Table 2c Concentration (x: ng irr') and enrichment factor (EF) of different elements relative to average crust 
data, in the atmospheric aerosol over the regions of North-western China 
Sam nie 1 Sam nie 2 Sani nle3 Sam nie 4 Sam nie 5 Sam nie 6 Sam nie 7 
x EF X EF X EF X EF X EF X EF X EF 
AI 1728 0.66 3330 0.46 1443 0.67 96 0.58 1010 0.51 354 0.71 4604 0.49 
Si 6968 0.78 19690 0.80 5605 0.76 831 1.5 4348 0.64 1428 0.84 21730 0.67 
S 757 90.8 1567 67.5 456 65.9 290 545.3 378 59.8 381 238.9 1261 41.7 
Cl 298 71.5 433 37.3 180 52.1 164 616.8 406 128.4 42 52.7 873 57.8 
K 1143 1.4 3117 1.3 1074 1.6 193 3.6 851 1.4 219 1.4 3850 1.3 
Ca 3753 3.2 13300 4.1 3697 3.8 665 9 2166 2.5 507 2.3 11700 2.8 
Sc <20 <20 <20 <20 <20 <20 33 12.9 
Ii 141 = 1 393 = 1 117 = 1 9 =1 107 = 1 27 = 1 511 = 1 
V 9 2.1 16 1.3 7 1.9 3 10.9 7 2.1 3 3.6 17 1.1 
Cr 10 3.1 41 4.6 12 4.5 9 44 8 3.3 10 16.3 23 2 
Mil 51 1.7 115 1.4 56 2.2 12 6.2 32 1.4 13 2.2 123 1.1 
Fe 1780 1.1 4886 1.1 1553 1.2 231 2.3 1263 1.04 366 1.2 6333 I I 
Ni <3 26 3.9 <3 4 26.1 <3 3 6.5 <3 
Cu 45 25.5 187 38.1 62 42.4 28 248.9 209 156.2 38 112.6 <3 
Zu 70 31.2 203 32.5 67 36 14 97.8 92 54 13 30.3 <6 
lia 51 3.7 <15 30 2.7 23 26.4 40 7.6 42 16.1 <15 
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Sulphur and chlorine are enriched considerably at all sites. Enrichment factors of 
chlorine at sampling sites in the Takla Makan Desert are higher than those of sulphur; 
however, those for both are generally between 100 and 500. These elements are enriched 
presumably as a result of the disintegration of the surface. In more detail, it is proposed 
considering with caution the idea of the highly enriched sulphur and chlorine content of the 
air over North-western China, as follows. Because of the extreme aridity, soils in the Tarim 
Basin contain largely a certain amount of salt, mostly sodium sulphate and sodium chloride. 
Besides several lakes contain a lot of sodium chloride in the regions considered. Soils here 
largely contain gypsum not only in their upper layer but in their lower ones, as well. This is 
a particulate matter that contains both Ca and S (CaSOj • 2H 2 0) . In deserts and semi-deserts 
[also at fringes of the mountains (Tianshan Mountains, Pamir, Kunlun Mountains) 
surrounding the Tarim Basin], gypsum frequently occurs as a result of the weathering of 
rocks of different composition. High enrichment factors of sulfur and chlorine at sampling 
sites at high mountains (sample numbers 1,13 and 14) can be explained on the one hand by 
the composition of local soil different of that of average earth crust, and on the other hand 
by particulates transported by air currents from the arid regions of Inner Asia. 
The above mentioned potential soil origin of S and CI was investigated by using 
elemental concentrations of samples of local soil, which was collected in the Takla Makan 
Desert (Suzuki el al., 1993). It was found that concentrations for sulfur and chlorine in 
samples of soil were at some cases by two orders of magnitude higher than those in the 
average crust (Mason, 1966) (Table 3). 
From the equation (1) the connection between EFFe soi|(x)' (enrichment factor of an 
element x to that of Fe relative to soil) and EFFc. Cmst(x)~ (enrichment factor of an element x 
to that of Fe relative to crust) is as follows: 
EFire soii(x)' = [(x/Fe)crus,2 / (x/Fe)soi|'] • EFFe.CIUSt(x)2 (2) 
1 Suzuki et at. (1993) 
2 Mason (1966) 
The quotient at the right hand side of the equation (2) is well below 1 (see Table 
3). Consequently, enrichment factors (EFs) calculated relative to soil decrease considerably 
(Table 4a, 5a). In most cases, values of EFFe.soM(S) and E F F c S O i i ( C l ) are near (sometimes 
even below) 1, which clearly indicate the soil origin of sulfur and chlorine in the Takla 
Makan Desert (Table 4a}. According to this result, enrichment factors of S and CI in the 
Tarim Basin are proposed to be determined by not relative to the average crustal data 
(Mason, 1966) but by relative to the local soil (Suzuki et al., 1993). 
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Table J Elemental ratios of average crust' relative to those of local soil2, North-western China 
N M M N C EJL\ f — ) M 
Sampling 
region* 
K cm*' ^ Cfre ' crust1 
U v ! , „ • H M f — l M I C yl" I 
A 0.0141 0.0032 0.7333 0.6364 1.5463 0.9052 0.8261 
B 0.2167 0.1182 1.8333 0.7778 0.7945 0.7311 0.8636 
C 0.1486 0.0394 0.1158 0.6364 0.6852 0.3903 0.7037 
D 0.1793 0.0356 0.8462 0.6667 0.6710 0.3227 0.7917 
1 Mason (1966) 
2 Suzuki etal. (1993) 
* A and B sampling regions are found at the North-eastern part, while C and D at the south-western part of the 
Takla Makan Desert (Suzuki et al., 1993) 




1 2 J 4 S 6 7 8 9 tu It 12 13 !4 IS 16 17 IS 19 20 21 
•V.I 2.31 2.11 0.70 1.14 1.06 1.18 0.94 0.66 0.91 0.59 1.20 0.38 0.89 2.28 1.15 0.87 0.80 3.39 0.81 2.81 0.54 
•V» 35.54 32.49 10.73 17.55 16.41 18.16 14 51 10.24 14 01 9 06 18.49 5.84 13.65 35.04 17.72 13.36 12.23 52.31 12.47 43.37 8.30 
Sc 24,37 22.28 7.36 12.04 11.25 12.45 9.95 7.02 9.61 6.21 12.68 4.00 9.36 24.02 12.15 9.16 8.39 35.87 8.55 29.74 5.69 
•Vo 29.41 26,89 8.88 14,53 13.58 15.03 12.01 8.48 11.60 7.49 15.30 4.83 11.30 28.99 14.66 11.06 10.13 43.29 10.32 35.90 6.87 
a , 0.22 0.16 0.29 0.65 0.44 0.52 0,41 0.27 0.39 0.54 0.92 0.11 0.13 0.18 0.21 0.11 0.14 0.88 0.40 0.14 0.17 
a„ 8 11 5.73 10.79 24.00 16.23 19.25 15.17 9.85 14.54 19.71 6.27 4.14 4.84 6,55 7.61 4.03 5.27 32.27 14.61 5.22 6.27 
2.70 1.91 3.60 8.00 5.41 6.42 5.06 3.28 4.85 6.57 I I .24 1.38 1.61 2.18 2.54 1.34 1.76 10.76 4.87 1.74 2.09 
a„ 2.45 1.73 3.25 7.23 4.89 5.80 4.57 2.97 4.38 5.94 10.16 1.25 1.46 1.97 2.29 1.21 1 59 9.73 4.40 1.57 1.89 
C«A 137.7 53,29 37.50 43.44 43.69 42.50 38.77 39.24 41.36 46.52 48.33 4.20 12.01 16.85 25.52 26.62 80.80 110.3 69.22 -
Cu„ 344,4 133.2 93.74 108,6 109.2 106.3 96.91 98.11 103.4 116.3 120.8 - 10.50 30.03 42.13 63.79 66.54 202.0 275.8 173.0 
Cuc 21.75 8.41 5.92 6.86 6.90 6.72 6.12 6.20 6.53 7.35 7.63 0.66 1.90 2.66 4.03 4.20 12.76 17.42 10.93 
Cu„ 15S.9 61.48 43.26 50.13 50.41 49.08 44.73 45.28 47.72 53.68 55.77 4.85 13.86 19.45 29.44 30.71 93.24 127.2 79.87 
Zn i 38.32 16.15 17.32 15.66 21.19 16.81 15.66 14.79 14.27 10.00 13.85 14.60 27.20 21.84 17.88 18.89 19 61 27.55 33.11 16.15 -
Zn„ 46.83 19 74 21.17 17.40 25.89 20.55 19.14 18.08 17.49 12.22 16.93 17.84 33.25 26.69 21.85 23.08 23.97 33.67 40.47 19.73 
Zn<: 38.32 16.15 17.32 15.66 21.19 16.81 15.66 14,79 14.27 10.00 13,85 14.60 27.20 21.84 17.88 18.89 19.61 27.55 33.11 16.15 
Zli„ 40.14 16.92 18.15 14.92 22.19 17.61 16.41 15.50 14.95 10.48 14.51 15.29 28.50 22.88 18.73 19.78 20.54 28.86 34.69 16.91 -
' Suzuki et al. (1993) 
* A, B C and D indices at the elements denote the sampling areas of the desert soils (A and B are found at the 
North-eastern part, while C and D at the south-western part of the Takla Makan Desert) (Suzuki et al., 1993) 
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I 2 J 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 IS 19 20 21 
sA 57 53 0 12 6 15 0 0 0 0 17 0 0 56 13 0 0 71 0 64 O 
s. 97 97 91 94 94 94 93 90 93 89 95 83 93 97 94 93 92 98 92 98 88 
sc 96 96 86 92 91 92 90 86 90 84 92 75 89 96 92 89 88 97 88 97 82 
sa 97 96 89 93 93 93 92 88 91 87 93 79 91 97 93 91 90 98 90 97 85 
C/A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ci, 88 93 91 96 94 95 93 90 93 95 84 76 79 85 87 75 81 97 93 81 84 
ac 63 48 72 87 82 84 80 70 79 85 91 28 38 54 61 25 43 91 79 43 52 
a„ 59 42 69 86 80 83 78 66 77 83 90 20 32 49 56 17 37 90 77 36 47 
Cu, 99 98 97 98 98 98 97 97 98 98 98 76 92 94 96 96 99 99 99 -
Cu. 100 99 99 99 99 99 99 99 99 99 99 90 97 98 98 98 100 100 99 -
Cuc 95 88 83 85 86 85 84 84 85 86 87 0 47 62 75 76 92 94 91 
Cu„ 99 98 98 98 98 98 98 98 98 98 98 79 93 95 97 97 99 99 99 -
Zn, 97 94 94 94 95 94 94 93 93 90 93 93 96 95 94 95 95 96 97 94 -
Zna 98 95 95 94 96 95 95 94 94 92 96 94 97 96 95 96 96 97 98 95 
Znc 97 94 94 94 95 94 94 93 93 90 93 93 96 95 94 95 95 96 97 94 
Zn„ 98 94 94 93 95 94 94 94 93 90 93 93 96 96 95 95 95 97 97 94 
' Suzuki el al. (1993) 
* A, B C and D indexes at the elements denote the sampling areas of the desert soils (A and B are found at the 
North-eastern part, while C and D at the south-western part of the Takla Makan Desert) (Suzuki el al., 1993) 




1 2 3 4 5 6 7 S 9 10 11 12 13 14 15 16 17 is 19 20 21 
K, 1.71 2.04 1.87 1.68 1.85 1.92 1.82 1.72 1.72 1.86 1.76 1.60 1.80 1.73 1.92 1.90 2.06 2.49 2.01 1.79 181 
A„ 0.88 1.05 0.96 0.86 0.95 0.99 0.93 0.88 0.88 0.95 0.90 0.82 0.92 0.89 0.98 0.98 1.06 1.28 1.03 0.92 0.93 
A'r 0.76 0.90 0.83 0.74 0.82 0.85 0.81 0.76 0.76 0.82 0.78 0.71 0.80 0.77 0.85 0.84 0.91 I.I 1 0.89 0.79 0.80 
A» 0.74 0.88 0.81 0.73 0.80 0.83 0.79 0.74 0.75 0.8! 0.76 0.69 0.78 0.75 0.83 0.83 0.90 1.08 0.87 0 .78 0.79 
c«., 2.10 2.31 3.79 3.74 3.05 2.94 3.17 2.57 3.02 2.98 2.97 2.97 2.88 1.98 2.63 3.39 2.97 3.59 2.14 1.73 2.30 
Caa 1.70 1.87 2.74 3.02 2.47 2.37 2.56 2.08 2.44 2.41 2.40 2.40 2.33 1.60 2.12 2.74 2.40 2.90 1.73 1.40 1.86 
Cac 0.91 1.00 1.46 1.61 1.32 1.27 1.37 1.11 1.30 1.29 1.28 1.28 1.24 0.85 1.13 1.46 1.28 1.55 0.92 0.74 0.99 
Ca„ 0.75 0.82 1.21 1.33 1.09 1.05 1.13 0.92 1.08 1.06 1.06 1.06 1.03 0.71 0.94 1.21 1.06 1.28 0.76 0.62 0.82 
Mn, 1.22 1.47 1.07 0.86 0.81 0.99 1.25 0.99 0.96 0.73 0.91 0.63 1.35 1.31 1.25 1.02 1.57 2.26 1.10 1.54 0.84 
MnB 1.28 1.53 1.12 0.90 0.84 1.04 1.31 1.04 1.00 0.76 0.95 0.66 1.41 1.37 1.30 1.07 1.64 2.36 1.15 1.61 0.88 
Mnc 1.04 1.25 0.91 0.73 0.69 0.85 1.06 0.85 0.82 0.62 0.78 0.54 1.15 I I I 1.06 0.87 1.34 1.92 0.94 1.32 0.72 
i\lna 1.17 1.41 1.02 0.82 0.77 0.95 1.20 0.95 0.92 0.70 0.87 0.60 1.29 1.25 1.19 0.98 1.50 2.16 1.06 1.48 0.81 
'Suzukiéi al. (1993) 
* A, B C and D indices at the elements denote the sampling areas of the desert soils (A and B are found at the 
North-eastern part, while C and D at the south-western part of the Takla Makan Desert) (Suzuki el a!., 1993) 
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1 2 3 4 5 6 7 S 9 10 11 12 13 14 15 16 17 18 19 20 21 
A'.i 42 51 47 40 46 48 45 42 42 46 43 37 44 42 48 47 51 60 50 44 55 
A'» 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 22 3 0 0 
Kc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 
A'„ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 
Ca., 52 57 71 73 67 66 68 61 67 66 66 66 65 49 62 71 66 72 53 42 57 
C'a,, 41 47 64 67 60 58 61 52 59 59 58 58 57 37 53 64 58 66 42 29 46 
Cae 0 0 32 38 24 21 27 10 23 22 22 22 19 0 12 32 22 35 0 0 0 
Gl,, 0 0 17 25 8 5 12 0 7 6 6 6 3 0 0 17 6 22 0 0 0 
A/fi. i IS 32 7 0 0 0 20 0 0 0 0 0 26 24 20 2 36 56 9 35 0 
Un,, 22 35 11 0 0 4 24 4 0 0 0 0 29 27 23 7 39 58 13 38 . 0 
Mn,- 4 20 0 0 0 0 6 0 0 0 0 0 13 10 6 0 25 48 0 24 0 
,\tn„ 15 29 2 0 0 0 17 0 0 0 0 0 22 20 16 0 33 54 6 32 0 
1 Suzuki etal. (1993) 
* A. 13 C and D indices at the elements denote the sampling areas of the desert soils (A and B are found at the 
North-eastern part, while C and D at the south-western part of the Takla Makan Desert) (Suzuki et al., 1993) 
Near the Great Wall, in the vicinity of Beijing, S and CI with highest enrichment 
factors were analyzed by Winchester et al. (1981a, 1981b). Hashimoto et al. (1994) 
collected samples with high concentration of chlorine in Urumqi, Xinjiang. Sulfur 
concentration was found also high over Lake Baikal (Van Malderen et al., 1996) and 
Xizang (Tibet) (Winchester and Wang, 1989). However, similar results were obtained in 
Sudan, Africa (Penkett et al.. 1979). Penkett and his co-workers attributed this finding to 
the disintegration of salt flats and to the evaporation of rainwater leaving a salt rich layer. 
High concentrations of S and CI in the Namib Desert atmospheric aerosol content were 
confirmed by a marine contribution (Annegarn et al., 1983). 
The enrichment factors of copper and zinc counted relative to local samples of soil 
(Suzuki et al., 1993), are also tabulated (Table 4a). Except for EFFe(Cu) calculated for the 
sampling region C (Suzuki et al., 1993) EFs are well over 20 at most sampling sites. 
Presumably, these elements are mostly emitted by anthropogenic sources. Scandium, 
chromium, nickel and barium are the elements, which can be detected at some sites with 
high concentrations, with enrichment factors well over 10, relating at least partly to their 
non-crustal origin, while at other sites their EFs are below 10 or even cannot be traced at all. 
In order to reveal potential spatial connections, the mentioned elements were marked at 
their sites on the map if their EFs were higher than 10 (Fig. 2). According to this map, 
significant non-mineral sources for scandium can be detected partly at the south-western 
region, partly at the eastern—north-eastern region of the Tarim Basin. Chromium has 
significant concentrations in the northern part of the Tarim Basin. Nickel, as an element 
mainly of non-crustal origin, can be measured with higher concentrations at the North-
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western part of the region. Barium can be ascribed to significant anthropogenic source at the 
southern fringe of the Tianshan Mountain (Fig. 2). 
Enrichment factors of K, Ca and Mn, relative to local samples of soil (Suzuki et al., 
1993), were also calculated (Table 5a). Since in this case elemental concentrations in soil, 
with the exception of sampling region A for potassium, are also higher than those in the 
crust (Table 3), EFs of K, Ca and Mn decreased, respectively (Table 5a). 
The (cx)* fraction of the concentration of an element x, coming from non-crustal 
contribution, can be calculated by the following formula (Mason, 1966): 
(c ) - ( c ) •(—) \ x ' air \ lis air V Jcmst 
(C, )* = — ^ , - Where (3) 
M a i r 
(cx)air: is the concentration of an element x in the air 
( c T i ) a i r : is the concentration of titanium in the air 
( C x ) c r u s t : 'S the concentration of an element x in the crust 
(cTi)cmsi: is the concentration of titanium in the crust. 
The table of non-crustal fractions (Table 6) shows that an important part of potassium, 
vanadium, manganese and iron is released into the air from the Earth's crust. Potassium can 
have biological source. In spite of the fact that vanadium has a moderately high non-crustal 
fraction, we can conclude to its partial crustal origin. Manganese must be partly industry-
orientated. Iron can be both of natural and anthropogenic origin. Mineral particles in North-
western China contain high amount of Fe and can, therefore, be expected in the atmosphere. 
Their presence has also been reported in other desert areas, as well (Penkett, et al., 1979; 
Annegarn et al., 1983; Shattuck et al., 1991). It is known on the other hand that ferrous 
metallurgy is a source of iron-rich particles, which might be of minor importance in our 
case, since heavy industry is only found in the region around Urumqi. Therefore, it is likely 
that the major part of iron is of natural origin. Quartz is one of the most widespread 
minerals in the Earth's crust. It is originated by weathering rocks, which might result in 
small particles easily dispersed into the atmosphere by winds. North-western China, with its 
deserts and steppes, arid and semi-arid regions, even with high mountains, surrounding the 
Tarim Basin, with slopes of which looking on to the basin and having practically no any 
vegetation, is one of the most important regions of the world where quartz is accumulated. 
Most of the Tarim Basin is covered by loose sandy soil, and shifting sand covers 
predominant part of the Takla Makan Desert, inside the basin. Therefore, it is not surprising 
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that quartz particles are commonly observed and they have a substantial fraction on the 
filters. High concentrations of quartz in soil samples of the Takla Makan Desert are 
confirmed by Suzuki et al., 1993. At two-thirds of the samples, the concentration of silicon 
was at least one order of magnitude higher than that of the other elements (Table 2a-c). 
Another source of Si-rich particles is the combustion of coal in power plants as discussed by 
Hasein (1986), furthermore Flagan and Taylor (1981). Enrichment of silicon at sampling 
site No. 18. and its moderately high non-crustal fraction might be traced back to an 
industrial background near the site. Though non-crustal ratio of calcium is relatively high, it 
is originated mostly from the crust. The case of vanadium is quite different. On the basis of 
its moderately high non-mineral fraction, measured at some sites, we can conclude to its 
partial non-crustal origin. As it is well known, its emission comes mostly from oil burning. 
For several elements (S, CI, Se, Cr, Ni, Cu, Zn) the non-mineral fraction, calculated on the 
basis of average crust concentrations, is over 80 per cent; even for some of them (S, CI, Cu, 
Zn) it is between 95 and 100 per cent (Table 6). While nickel and copper can be connected 
to non-ferrous metallurgy, and nickel is also emitted by coal and oil combustion in power 
plants and industrial boilers, zinc is mainly emitted from iron-, steel- or ferro-alloys plants 
(Pacyna, 1984). Other sources of Zn are refuse incineration (Mamame, 1988) and tire wear 
(Hopke, 1985). In the lack of enlarged heavy industry in Xinjiang Province, moderately 
high non-crustal fractions of vanadium and manganese as well as those of nickel and 
especially copper and zinc might probably indicate enrichment of these elements in local 
soil, has high non-crustal fractions. Scandium is rather enriched on the one hand at the 
south-western part, on the other hand at the north-eastern part of the Tarim Basin (Table 2a-
c, 6; Fig. 2). This element might come mainly from oil burning. This hypothesis is to be 
confirmed by the fact that the two largest oil resources in the Tarim Basin can be found in 
the above-mentioned regions, and the scandium might come from their oil torches. 
The enrichment factor for chromium was partly well over ten, but the sites for these 
concentrations are distributed at the northern part of the Tarim Basin. This indicates that 
chromium here is partly of non-crustal origin. These values are similar to those, which were 
measured over Hungary (Borbély-Kiss et al., 1991; Molnár et al., 1993a). This element was 
enriched at some regions, far from human settlements, as high as in the air over industrial 
areas. Chromium is regarded as an indicator of emission from the steel and iron industry. At 
the sites near Urumqi, concentration of Cr reflects the effect of the city which is an 
important centre of iron metallurgy. However, the only centre of iron and steel 
manufacturing in Xinjiang Province is hardly supposed to raise chromium concentrations 
thousands km away from Urumqi. It is also possible however, that chromium is of crustal 
origin (Nriagu, 1989a, 1989b) and its concentration in the soils of this area is higher than its 
crustal average (Mason, 1966). This latter hypothesis is supported by the fact that the 
highest chromium concentration was found at the southern fringe of the Takla Makan Desert 
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(.Molnár el al., 1993b). Chromium was detected in soil samples collected in the Takla 
Makan Desert but concentration data were not mentioned (Suzuki el al., 1993). These data 
might confirm the above-mentioned hypothesis, according to which soils in the Tarim Basin 
are enriched in chromium relative to the crustal average. 
Table 6 Non-crustal fractions of aerosol particles, relative to average crust data, % 
Ele-
ment 
Sample So., North-western China 
1 2 J 4 5 6 7 S 9 10 11 12 13 14 IS 16 17 18 19 20 21 
At 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Si 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 0 0 0 
S 100 99 98 99 98 99 99 99 99 98 99 96 99 100 99 99 98 100 98 100 9S 
CI 99 98 99 100 99 99 99 99 99 99 100 97 98 99 99 97 98 100 99 98 9S 
K 29 41 23 17 0 23 17 17 17 17 23 3 23 29 29 23 37 72 29 29 23 
Ca 67 69 75 79 58 71 73 69 72 69 83 70 71 64 69 76 74 89 60 57 64 
Sc 92 95 96 93 97 92 
7T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
V 69 80 23 52 37 29 50 33 0 0 9 47 77 52 23 47 91 52 72 9 
Cr 62 90 79 68 79 79 67 85 81 89 78 80 69 93 68 78 78 98 70 94 50 
Mn 47 57 29 17 0 23 37 23 17 0 17 0 44 50 41 29 55 84 29 55 9 
Fe 23 23 9 9 0 9 9 9 9 0 9 0 9 23 9 9 17 57 17 9 
Ni 83 63 74 82 80 86 82 70 90 74 96 S5 
Cu 100 99 98 99 98 98 98 98 98 98 99 84 95 96 97 98 100 99 99 
Zn 99 97 98 96 96 96 96 96 96 93 96 96 98 98 97 97 97 99 98 97 
Ha 76 17 29 72 92 73 63 96 74 94 
The cases of sulfur and chlorine need a bit more attention. On the basis of their 
non-crustal fractions (96-100 per cent), they seem to be absolutely of non-mineral origin 
(Table 6). In order to understand why these enrichments occur in the two types of processes, 
it should be considered which one could be important in semiarid environments. In the first, 
case soluble salts are concentrated in the uppermost soil layers under conditions of 
alternating precipitation and evaporation and associated soil biological processes. The 
segregation of elements at the soil-air interface creates an opportunity for their preferential 
transfer to the atmosphere when dust is lifted. In the second case reactive acidic gaseous 
compounds, which are being present in the air from pollution or natural sources, attach to 
suspended basic dust particles. These might be subsequently deposited to the surface at 
rates that are controlled by aerosol mechanics. Chemical processes alone may drive soluble 
elements to the soil surface in alternating wet and dry conditions by capillary action. 
However, the process might be catalysed by algae and other desert flora that cover much of 
the soil surface. Since high salinities are toxic to flora, the organisms pump out salt to 
counteract internal salinity build-up during their dehydration, and crystals might be formed 
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on the surface. It is known that periods of high humidity, which can create a more 
favourable salinity environment for desert flora than dry periods, stimulate algae growth. 
According to Wang et al. (1987), the above-mentioned mechanism for salt accumulation at 
the soil surface might be biological, although chemical processes provide.a driving force. 
Nevertheless, these processes are consequences, which are actually quite effective. The 
main climatological and geomorphological factors, which are reasonable for salt 
accumulation in the Tarim Basin, are the relief and its extreme climate. This basin is a vast 
inland region without outflow. In the summer, cloudiness is almost negligible; consequently, 
sunshine radiation is very high, which increases potential evaporation as well as aridity, 
since there is hardly any precipitation in this season here. As the Tarim Basin has no any 
outflow, salt has been accumulating. The connected biological and chemical processes 
accelerate this procedure. Since the air over North-western China is highly enriched with 
sulfur and chlorine, the dry deposition flux of these elements to the surface should be large, 
although balanced by an equal flux upward (Wang et al., 1987). In the thinly populated 
Xinjiang Province it can hardly be imagined that anthropogenic sulfur emissions can lead to 
more than a modest additional dry deposition sulphate flux. High enrichment factors of S 
and CI (Table 2a-c) are decreased considerably when calculating them relative to local 
samples of soil (Table 4a), however high non-crustal fractions of these elements (Table 6) 
calculated relative to local soils are decreased only slightly and non-mineral fractions of 
sulfur and chlorine are well over 80 % in several cases (Table 4b). 
Non-crustal fractions relative to local samples of soil for S, CI, Cu and Zn (Table 
4b) furthermore those for K, Ca and Mn (Table 5b) are less than those relative to earth crust 
(Table 6). Even though those for Cu and Zn indicate an important effect of non-mineral 
origin. Higher non-crustal fractions might come partly from long distance transport; 
however, disintegration of the surface is more probable. 
Our results were compared with those of other arid and semiarid regions in China 
(Molnár et al., 1993b), Sudan (Penkett et al., 1979) and Namibia (Annegarn et al., 1983; 
Eltayeb et al., 1993), respectively. According to the data in Sudan, when winds blow from 
Sahara, the concentrations of different elements are very high. This coincides well with our 
results for the Takla Makan Desert (see also Molnár et al., 1993b). As a characteristic 
difference, the concentration of sulfur and chlorine as well as chromium is substantially 
lower in Sudan and the Namib Desert than in the Takla Makan. Further difference is that S 
and CI is of marine origin in the Namib natural aerosol. 
Results of the samplings measured at same three sites both in 1990 (Molnár et al., 
1993b) and in 1994 (present paper) were also compared (Fig. 3a-c and Table 7). [Bold 
letters indicate geographical positions and description of these three sampling sites (Table 
7)]. The characteristic similarity of these three pairs of concentration series is that highly 
enriched sulfur and chlorine were detected equally in each site both in 1990 and in 1994. 
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Furthermore, enrichment factors of elements of soil origin [Al, Si, K, Mn and Fe (with EF 
near unity)] are very similar in the two measuring periods. However, concentration data 
were significantly higher in 1994 at each site analyzed. Especially the absolute 
concentrations of copper and zinc, respectively were one order of magnitude higher in 1994 
than in 1990. The total concentration of elements of crnstal origin (Al, Si, K, Mn, Fe and 
further taking S, CI and Ca into this group) reaches 95-99 per cent of that of the detected 
elements. This shows that soil controls almost exclusively the quantity of aerosol over the 
region. Phosphorus, cobalt and arsenic were only detected in 1990 but barium and scandium 
only in 1994 (Table 7). Latter results, considering high enrichment of these elements except 
for phosphorus, might suppose some changes in non-mineral emissions. 
Table 7 E n r i c h m e n t f a c t o r s ( E F ) and c o n c e n t r a t i o n ra t ios o f d i f f e r en t e l e m e n t s in ae roso l pa r t i c l e s in N o r t h -
w e s t e r n C h i n a 
Ele- Villi, Takla Makan (desert) Toksun, Turpani Basin (lowlanrt, Du-ku, Tiaiishan (mountain) 
ment desert) 
EF EF Í C J J Ü / EF EF l£dmi EF EF icjjm1 
1990' 19941 (cjim 1990' ¡994' (cjmn 1990' 19942 (cjmo 
A! 0.36 0.48 3.2 0.50 0.49 23.5 0.34 0.51 6.6 
Si 0.50 0.75 3.6 0.54 0.67 30.5 0.43 0.64 6.6 
P 0.27 1.2 1 
S 69.8 52.2 1.8 131.2 41.7 7.7 86.7 59.8 3.1 
a 150.2 96.2 1.6 123.7 57.8 11.3 79.2 128.4 7.2 
K 1.5 1.3 2.1 1.4 1.3 22.1 0.99 1.4 6.1 
Ca 4.2 4 2.3 2.7 2.8 24.7 3.4 2.5 3.2 
Sc II 12.9 
Ti = 1 = 1 2.4 = 1 = 1 24.2 = 1 = 1 4.5 
V 0.92 1.3 3.3 2 I I 13.1 2.2 2.1 5.4 
Cr 7.1 4.7 1.6 17.1 2 2.8 12.6 3.3 1.2 
Mn 0.78 1.4 4.2 1.2 1.1 21.8 0.62 1.4 9.9 
Fe l . l 1.1 2.3 1.5 l . l 18.2 1.2 1.04 4 
Co 39.4 26.7 28.2 
A7 7.5 2.7 0.9 5.2 2.7 
Cu 4.1 53.9 31.5 3.7 4.6 156.2 I5Í.4 
Zu 10.8 28.7 6.4 10.5 6.5 54 36.9 
As 219.8 231.7 270.9 
Ba 1.2 3.9 
' Molnarelal.(\993) 
2 Present paper 
1 concentration of an element x measured in 1994 (present paper) relative to that measured in 1990 (Molnarcl at., 1993) 
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CONCLUSION 
According to our results the absolute concentrations of S and CI are surprisingly 
high in the Tarim Basin comparing to desertic regions in Africa. Besides the level of 
chromium is also very high. Those of Wang et al. (1987) and Winchester and Wang (1989) 
confirmed these results for sulfur and chlorine. Both papers show high sulfur concentration 
over North-western China and Xizang (Tibet). The sulfur content over Xizang is only 
relatively high; compared to that over Xinjiang it is nearly one order of magnitude lower. 
Sulfur and chlorine is enriched in Northern China (Winchester et al., 1981a, 1981b), sulfur 
and chromium in the Lake Baikal region (Van Malderen et al., 1996). [Sulfur content is also 
high in Chinese cities, which can be explained by coal burning. However, it is out of our 
field, since we study and compare (in China) only atmospheric aerosols of background 
regions without local anthropogenic sources.] The concentration of aerosols might change 
with seasons. In the winter, they probably get accumulated, while in the summer they are 
deluted. The examination of the seasonal change of the elemental concentration is the task 
of further research. Several papers of this kind of analysis have been published for urban 
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areas of China with expressed seasonal change in concentrations (e.g. Ning et al., 1996; 
Hashimoto et al., 1994). 
As a conclusion, the extremely high concentrations of S, CI and the moderately 
high ones of Cr over North-western China, taking into account the surrounding large thinly 
populated regions, might not come from local anthropogenic sources. Local soil is highly 
enriched with sulfur and chlorine (ratios of these elements of local soil relative to those of 
crust are well over 1). Consequently enrichment factors of these elements relative to local 
samples of soil are near (at some cases below) 1. Therefore, it is clearly proved that the 
source of highly enriched sulfur and chlorine in atmospheric aerosols in North-western 
China is exclusively the local soil which is also highly enriched with salts. Concentration 
data of chromium in local soil are not available. Thus, enriched chromium in atmospheric 
aerosol particles can not be explained directly. However, it is presumed that Cr is also of 
soil origin. Enrichment factors of Cu and Zn even relative to local soil are well over ten. 
Hence, their non-crustal fractions are generally well over 80 % which assumes their mostly 
non-mineral origin. However, there are no industrial sites over the vast territories of North-
western China. There are insufficient concentration data of copper and zinc in local soil; 
nevertheless, it is supposed that these elements also come from local soil. 
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Összefoglalás - 1997-ben a szegedi József Attila Tudományegyetem Földrajzi Tanszékeinek Könyvtárában 
felbukkant egy eddig ismeretlen Danckerts atlasz. A mű pontos leírása és meghatározása során kiderült, hogy ez egy 
rendkívül ritka, szép és értékes, ám sajnos hiányos, a XVII. század végéről származó munka. A kutatás folyamán 
felszínre került tények felhívták a figyelmet arra, hogy a mértékadó nemzetközi szakirodalomban is több módosításra 
szoruló adat és elképzelés található. 
S u m m a r y - I n 1997 a heretofore unknown Danckerts atlas has come to light in the Library of Geography Departments 
of József Attila University (Szeged, Hungary). Scrutiny for identifying the work has resulted in establishing the 
volume as a remnant of an extremely rare and precious work from the late 17th century. The examination has also 
drawn attention to the necessary modification of recently accepted notions of the international carto-bibliography 
concerning the producing and publishing history ofthe Danckerts atlases. 
Key words: map history, late 17th century Dutch atlas cartography, Danckerts family, 
Danckerts works, categories of Danckerts world atlases, identifying, collation. 
INTRODUCTION 
In February 1997, looking for books in the Library of Geography Departments of 
Jozsef Attila University (Szeged, Hungary), one of the authors hit upon an externally simple 
and plain volume among the atlases. To his great surprise, however, it turned out to be a volume 
comprising maps by Danckerts. Identifying the work with help of the library's catalogue and 
the inventory yielded no result for its catalogue card with description was missing and the 
noting in the inventory was anything but satisfying (Fig. I). It was so raised the necessity for 
searching and finding out more and more accurate information concerning the given volume. 
i /w •• y ^pswi/'i 
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Fig. I The note of the inventory 
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The question can be brought up in the reader, of course, who is not so well up in the 
field of history of cartography and ofcarto-bibliography: what could be the importance of the 
emergence of the Danckerts atlas yet undescribed? A number of specialists, foreign and 
Hungarian (Keuning, 1955; Siege na, 1985; fVelu, 1987; Klinghammer, 1995; Wawrik, 1995) 
are of the same opinion in that the Danckerts family was an outstanding representative of the 
17th century Dutch cartography which at that time held a leading position in the field of 
mapmaking and -publishing in the world. "The characteristics of the atlas maps by the 
Danckerts, compared with those of other map publishers in Amsterdam are: they are clear and 
their scales are mostly larger than that of other maps of the period. Their cartographic works, 
compared with that published by the Blaeus or Janssonius', are attractive" (Koeman, 1969) 
(Fig. 2, Fig. 3). An author is also to be found who sees the most gifted copper-engraver of the 
17th century in the person of Justus (I) (1635-1701), one of the members of the Danckerts 
family (Allen, 1994). Notwithstanding the concurring opinions, papers dealing in details with 
the Danckerts's life and their activity cannot almost be found. It is especially true of their 
atlases, the most important reason of which derives from the fact that only a very small amount 
of Danckerts atlases are recently known. 
For arriving at a more successful examination and a better evaluation of the given 
Danckerts atlas work we had first and foremost to survey the available data referring to the 
Danckerts and their atlases. 
THE DANCKERTS FAMILY 
The Danckerts family (Fig. 4) was very large and ramifying having had a lot of 
members who were active in engraving on an artistic level. In this short view, however, we are 
dealing mainly with those who took part in the atlas production. As we will see, the 
biographical data give good assistance in determining the age of the Danckerts atlas guarded in 
József Attila University, Szeged. 
The family's roots can be traced back to Cornelis Danckerts (1536-1595), a carpenter 
in Amsterdam. From his marriage with Lijsbet Cornelisdr two sons are known: Cornelis 
Danckerts de Rij (1561-1634) and Danckert Cornelisz (ca. 1580-1625). Cornelis and his 
descendants called themselves Danckerts de Rij. Danckerts Cornelisz who is at the root of the 
line we are now interested in was first a skipper then a stone merchant. He married Lijstbeth 
Jansdr, shortly after the turn of the century. Several members of his branch were well-known 
engravers-etchers, mapmakers and printsellers (Kenning, 1955). Danckert Cornelisz had two 
sons: Cornelis Danckerts (1603-1656) and Dancker Danckerts (1614-?). 
Cornelis the elder brother established himself as an engraver, map- and artprint 
producer, printer and publisher in Amsterdam in the early 1630s. His shop was flourishing 
under his, the father's and his sons' and grandsons' direction in the second half of the 17th 
century as far as 1717 when the grandson Cornelis died. (Hereafter for distinguishing Cornelis 
the firm's founder and Cornelis, the grandson, Cornelis (I) and Cornelis (II) will be used, 
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Fig. 3 A pan of the map No. 9 
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Fig. 4 The family tree of the Danckerts' 
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respectively.) Cornelis (I) was an eminent engraver producing a number of single-sheet maps 
and wall maps. Besides his own publications, he was working for reknown personalities of the 
time such as the famous John Speed (1552-1629), historian and mapmaker, "the father of the 
English atlases" or for Petrus Bertius (1565-1629), the illustrious geography professor at 
Leiden University (Tooley, 1979). 
At Cornelis (I)' death (1656), the elder son, Dancker (1634-1666) took the shop over 
then at his early passing the younger brother Justus (1635-1701) who had been a stone 
merchant succeded his brother in direction of the firm. (As distinguishing marks (I) will be 
used at Justus, the father's name and (II) at the son's.) The Danckerts family's map producing 
and -publ ishing office had its apogee at the time of Justus (I) and of his three sons Theodorus (I) 
(1663-1727), Cornelis (II) (1664-1717) and Justus (II) (?-1692). 
Between 1669-1701 their shop was run in the "Calverstraet in the Danckbaerheyt" 
(Danckbaerheyt= Thankfulness). Cornelis (II) married Geertrui Magnus, the daughter of a 
famous contemporary Amsterdam bookbinder, Albert Magnus and moved into the house of 
Magnus' widow on the "Nieuwendijk in de Atlas". (Albert Magnus had died some years 
before.) Thus after 1696 two print shops of the Danckerts were being run in Amsterdam and 
from that time onwards on different publications, also on maps and on atlas' title- and index-
pages, Cornelis (II) used this new address. 
The Danckerts's firm's closing down was gradually taking place. The first harder 
breaking could be caused by the general depression in 1713 when Justus (I)' heirs decided to 
sell a part of the map and atlas stock with lots of copperplates. The final, full stopping occured 
at the time of the last surviving brother, Theodorus (I) in 1727 when the remaining estate was 
also sold. 
The copperplates of the maps were bought by Reiner and Josua Ottens, first-rate 
Amsterdam map-and atlas publishers in the first part of the 18th century. Following the general 
custom of the time, the Ottens erased the Danckerts names and addresses replacing them with 
their own (Koeman, 1969). 
DANCKERTS ATLASES 
Roughly 300 single-sheet maps, wall maps and art-prints can be connected with the 
Danckerts name (Vries, 1986). About compiling atlases by Danckerts, there is very few and 
partly contradicting information2. 
In the second part of the 17th century and in the early 18th century lots of Dutch 
composite atlases were assembled from different authors' maps'. 
Maps by Danckerts can also be found in such atlases, even the Danckerts atlas' title-
page was also used by other publishers or collectors. But as mentioned above, only a few atlas 
volumes are known which were compiled by the Danckerts themselves from theirown maps. 
The atlases by the Danckerts have a clear structure. There is a title-page, an index for 
the maps, sometimes printed on the back ofthe title-page. No preliminary text can be found and 
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text on the verso of the maps are^also not included. The sequence of the maps begins with a 
world map (sometimes á celestial chart), then the maps of the four continents are coming, 
afterwards the sheets of differrent countries, of their territories and provincies, regionally 
arranged.iThe Danckerts. atlasesasvOther 16th to 18th century atlases, however, comprise 
mainly the maps of European territories, independently of the complete sum of the maps. We 
have known atlases by Danckerts with lots of different sums of maps. There are atlases with 25 
maps, atlases with 29, 49, 74, 90, 93, 98, 100 maps, but from the confusing data, a clear 
structure can be deciphered only with hard work. 
Fortunately, the "Atlas Neerlandici" (ed. by C. Koemari), a general bibliography of the 
Dutch atlases published up to 1880, however, tried it. In this bibliography the following 
categorization .of the Danckerts world atlases can be found: 
1. Atlas with printed index, listing 26 items (including the title-page + 25 maps). 
4 copies are certain to exist: Newberry Libr., Chicago (1); Engelbrecht Coll., 
Maritime Mus., Rotterdam (1); Saltykov-Sjtsjredin' Publ. Libr., Sankt 
Peterburg(l);Nat. Libr., Vienna(l). 
2. Atlas with printed indejc, listing 30 items (title-page + 29 maps). 
3 copies mentioned: Libr. Ac. of Science, Cracow (1); Brit. Mus., London (2). 
3. Atlas with ca. 60 maps. • 
No copies mentioned'. 
4. Atlas with number of maps varying between 74 and 90. 
3 copies mentioned: Engelbrecht Coll., Maritime Mus., Rotterdam (2); Libr. of 
Congr., Washington D.C. (1) 
5. Atlas with printed index, listing 100 items. 
3 copies mentioned: Univ. Libr., Amsterdam (1); Yale Univ., New Haven (1); 
Libr. of Congr., Washington D.C. (1 )J (Koeman, 1969). 
In this grouping it is striking that the compiler separated a particular category No. 3 but 
without mentioning any copy of it! This indicates such copies' existence as the compiler of the 
classification must have come to know such volume or volumes, at least from some sources. As 
we will see, the attempt for an identification of the Szeged Danckerts atlas and for giving a 
bibliographical description has proved the existence of an atlas of this group, moreover, it has 
queried the validity of this classification. 
j 
THE SZEGED ATLAS 
The given atlas in the holdings of the Library of Geography Departments of József 
Attila University at Szeged, Hungary has the inventory number: 3486 and stock sign: D 179. 
The volume is 52x31 cm large, bound into half leather-cloth and comprises 26 maps with 
publisher's hand-written numbering in their upper right corner (out of the maps' frame) (Fig. 5). 
The map sheets were printed from copperplates, hand-coloured and are in a good condition. No 
particular notes or glosses printed or manuscript can be seen on the maps (on the recto or 
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Fig. 5 A part of the map No. 11 
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verso), not even a note referring to provenience which could facilitate clearing up the one-time 
possessor or possessors, only the proprietory seal of the Geographical Institute of the Szeged 
University can be detected. 
We could conclude from this that the Danckerts atlas must have got to the holdings of 
the Geographical Institute no later than 1962 (when the university was renamed). It is 
conceivable that the work had come to the holdings even in Kolozsvár (now Cluj-Napoca, 
Romania) before the university removed to Szeged after the World War I as the Library of the 
Geographical Institute possessed roughly 2000 books and some 3000 map sheets in around 
1925. It cannot naturally be precluded that the atlas arrived only with those large acquisitions 
which took place by purchases and donations in the mid-1920s. 
With no title-page, index and its truncated condition (lots of maps are missing), the 
correct determination and bibliographical description of the volume seemed almost 
impossible. However, the numbering and its defects in the upper right corner of the pages 
suggested that we faced a remnant of a once complete work. The missing maps could be 
dispersed at any time in tempests ofhistory or in several (?) bindings could be named as the real 
cause. (Skilless hands made nasty cuttings on the mapsheets' margins, very possibly at 
bindings.) 
For all of these above mentioned reasons we saw that the chance for the volume's 
identification would be received only by collating it to other Danckerts atlases. The 
international carto-bibliography and map history referring to the history of Danckerts 
production activity knows as we mentioned previously, only a few Danckerts atlases. Even 
those 3 volumes have been unknown internationally which are held in the Map Department of 
the National Széchényi Library' as we concluded during research. These atlases are ás follows: 
1. Atlas with printed index, listing 26 items. TA225 (OSZK). (25 maps = 
AtlantesNeerlandici catalogue, category 1). 
2. Atlas with printed index, listing 50 items. TA224 (OSZK). (49 maps = 
AtlantesNeerlandici catalogue, category 3 (?)). 
3. Atlas with printed index, listing 100 items. TA232 (OSZK). (98 maps = 
AtlantesNeerlandici catalogue, category 5). 
The detai led col lation of the Szeged Danckerts atlas to the OSZK atlases conc luded in 
a surprising result. TA 224 (OSZK) and D 179 (JATE) showed a very close coincidence (Table 
I). Table 1 speaks for itself and the conclusion is that the D 179 (J ATE) Danckerts atlas can be 
identified as a remnant of a Danckerts atlas with 50 items. Moreover, the two volumes seemed 
to be variations as only 4 differences in map title could be deciphered after collating each of the 
25 mutual map sheets, namely in the maps No. 7, 34, 38, 48. The small differences in these 
maps' titles are always the same: name Theodorus substitutes for name Justus. (But who is 
behind name Justus could not be known with certainty; Justus (I) or Justus (II) or both. Name 
Theodorus surely covers Theodorus (I)). The Szeged copy is far more incomplete but the sheet 
No. 36 can be found only in D 179 (JATE) and is missing from TA 224 (OSZK). 
Fixing the publication date of the Szeged atlas turned out to be a hard problem. 
"Seeing the custom of leaving maps undated become especially in vogue in the second half of 
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Table I The content and authors of maps of the TA 224 (OSZK) and D 179 (JATE) atlases. 
NO. ITEM AUTHOR 
The names are identical with those of 
the index in the atlas TA 224 (OSZK) 
TA 224 (OSZK) D 179 (JATE) 
1. Atlas + — 
2. Nova Orbis Tabula Justus D. — 
3. America Justus D. — 
4. Africa Justus D. — 
5. Asia Justus D. — 
6. Europa Justus D. — 
7. Portugallia Justus D. Theodorus D. 
8. Hispania Justus D. — 
9. Gallia Justus D. Justus D. 
10. Italia, Corsica & Sardinia Justus D. — . 
11. Mare Mediterraneum Occidentalis Justus D. Justus D. 
12. Mare Mediterraneum Orientalis Justus D. — 
13. Sabaudia & Piemontium Justus D. Justus D. 
14. Helvetia Justus D. Justus D. 
15. Germania Justus D. Justus D. 
16. Rhenus Fluvius Justus D. Justus D. 
17. Rhenus Superior Theodorus D. Theodorus D. 
18. Rhenus Inferior Theodorus D. Theodorus D. 
19. Lotharingia Ducatus Theodorus D. — 
20. Franconia Theodorus D. Theodorus D. 
21. Bohemia Theodorus D. — 
22. Danubii Fluvii Theodorus D. — 
23. Circulus Westphalicus Justus D. Justus D. 
24. Circulus Saxonicus Justus D. — 
25. Leodiensis & Coloniensis Theodorus D. Theodorus D. 
26. Germania Inferior Justus D. — 
27. Belgium Foederatum — — 
28. Hollandia Comitatus Justus D. Justus D. 
29. Ultrajectum Dominium Justus D. Justus D. 
30. Geldria Ducatus Justus D. Justus D. 
31. Belgii Regii Justus D. Justus D. 
32. Flandria Comitatus Theodorus D. Theodorus D. 
33. Hannonia Comitatus Theodorus D. Theodorus D. 
34. Namurcum Comitatus Justus D. Theodorus D. 
35. Luxemburgum Ducatus — — • 
36. Brabantia Ducatus — Justus D. 
37. Anglia, Scotia & Hibernia Justus D. — 
38. Canal is Justus D. Theodorus D. 
39. Dania Regnum Justus D. — 
40. Suecia & Norvegia Justus D. — 
41. Polonia & Lithuania Justus D. Justus D. 
42. Hungaria — — 
43. Hungaria & Graecia Justus D. — 
44. Civitates Hungariae — — 
45. Morea Justus D. Justus D. 
46. Civitates Moreae Justus D. Justus D. 
47. Russia vulgo Moscovia Justus D. Justus D. 
48. Turcicum Imperium Justus D. Theodorus D. 
49. Judaea sive Terra Sancta Theodorus D. — 
50. Nova Belgica & Pensilvania Justus D. — 
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the 17th century. In this case only the content of a map can sometimes give the answer as 
regards its date." (Keuning, 1955). In our incident we used a similar method. Setting out from 
the fact that the TA 224 (OSZK) and D 179 (JATE) atlases proved to be very close variations of 
each other, our task shifted to determine the publishing date of the TA 224 (OSZK) atlas firstly 
as this copy is more complete in any aspects. 
On the title-page of the TA 224 (OSZK) atlas the following inscription can be seen: 
"ATLAS / TOT AMSTERDAM / bij IUSTUS DANCKERS in de Calverstraet in de 
Dancbaerheijt". As we had known, the Danckerts shop was being run at this address between 
1669-1701 (Koeman, 1969), so a conclusion arouse: TA 224 (OSZK) must have been 
published in the 1669r 1701 period. A more precise date could only be hoped from a scrutiny of 
the maps themselves. Lots of maps bear a privilege'' lettering in different forms that the 
Danckerts family was granted by the States of Holland and West Frisia: "cum Previlegio 
Ordinum Holland: et West-vrisiae" (Fig. 6), "cum Privil: Ordin: Hollandiae et West-frisiae" or 
"met Privilegio" etc. From biographical data we had known, the granting to Danckerts occured 
on August 14, 1684, so the edition of the atlas must have been taken place only after this time. 
The publishing epoch could be, however, even narrowed down as the map sheet No. 43 
delineating Hungary and its surroundings (or more precisely the theatre of war between 
Christian and Turkish Muslim powers from 1683 onwards), has a list of towns and fortresses 
(in the lower left corner) with occupation dates by the Turks and recapturing dates by the 
Christians, respectively. The last line in this list is as follows: "Belgrado exp. 1529. rec. 1688". 
For us it meant that the TA 224 (OSZK) atlas could only be issued after this date, between 1688 
and 17011. 
But a question for dating atlas D 179 (JATE) still remained open: what state of the 
m issing map No. 43 from the atlas D 179 (JATE) could have been? For 5 states of the "Regni 
Hungáriáé..." map have recently been known. State 1684 or later (Szántai, 1996); State 1687 
(TA 225 (OSZK)); State 1688 (TA 224 (OSZK) and Szántai, 1996); and other 2 states" by 
Johannes Danckerts and that by Philip Bouttats junior and Justus Danckerts. Which state could 
have been originally incorporated in D 179 (JATE) atlas? The state 1684, state 1687,1688? Or 
even an earlier version by Johannes or Dancker? 
This question looked crucial for trying to tie atlas D 179 (JATE) to atlas TA 224 
(OSZK). How could we choose? Resolvingthis problem and with it the problem of publishing 
date of D 179 (JATE) seemed to be determined only in oneway: a collation of all maps in those 
atlases which have detailed bibliographical description or known by ourselves personally'. 
(Atlantes Neerlandici/Danl-Dan5 and TA 224 (OSZK), TA 225 (OSZK), TA 232 (OSZK), D 
179 (JATE)). 
If we sum up shortly the result, the scrutiny has led to a conclusion that the Danckerts 
atlas with 50 sheets could not possibly be ready at the time of privilege granting in 1684 and the 
earliest issuing could be occured at ca. 1687/88. 
How did we gain this probability? The departing point was the privilege wordings. 
There are two types of Danckerts maps in this aspect: there is a privilege sign on the map or 
there is not. We had known that in the late 17th century Amsterdam, the map producers, against 
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their rivals' illegal using or plagiarising, regularly put their gotten privilege on their maps. 
Moreover, we noticed that the number of the maps with privilege are growing in those atlases 
which have more and more pages. Even a tendency could be realized: the later states of the 
same map got the privilege lettering but the other direction could hardly be detected: removing 
a privilege wording from the map. So the basic guess for the start was as follows: maps without 
privilege were made before 1684 (August 14)"'. 
With scrutinizing the privilege inscriptions and the different states of each particular 
map, the following result could be gained: before 1684 the Danckerts family could have only 
17 (18) maps of their own" ready for a complete geographical atlas. The maps of important 
regions, around the half of Europe had been waited for producing12. They were only ready at the 
time of privilege granting in 1684 or shortly before. These maps were those of Switzerland, of 
the British Isles, of Scandinavia, of Poland, of Russia, of "Regni Hungariae...", of the 
Peloponnesos and of the Turkish Empire that is the northern, eastern, southeastern and some 
middle parts of Europe. With these 8 new maps, the Danckerts stock for a complete atlas 
became essentially ready and this collection was later enlarged mainly with maps of provinces 
and parts of the different European countries (first and foremost with those of Germany, 
France,Netherlands, and Italy). 
For an atlas with ca. 50 maps, as the D 179 (J ATE) and TA224 (OSZK), the Danckerts 
had to produce some more 24 new maps. If we calculate the time needed to the engravers for ca. 
24 maps, in light ofthe speed the engravers ofthe age worked, we can count roughly another 2-
3 years. That is ca. 1686/87, which figure strengthens that the D 179 (JATE) atlas had very 
unlikely been assembled before that time11. 
However, knowing the contemporary custom of the stock producing of maps that is 
the practice of printing a fairly large quantity of the maps before compiling them into an atlas, 
the chance of including an earlier state of the "Regni Hungariae..." map could not totally be 
excluded14. 
At this stage of scrutiny, an unexpected, lucky turn happened. While we were going 
over the pages of atlas TA 225 (OSZK) again (who knows how many times) it was happily 
noticed that there were recapturing dates also on the body of the Peloponnesos map and the 
latest one was 1687. This marvellous accident played the solution of the dating atlas D 179 
(JATE) into our hand (concerning at least the lower limit of publication date) as the 
Peloponnesos map is incorporated also into D 179 (JATE) and has survived truncations (Fig. 
7). We could so state that maps in the Danckerts's atlas guarded at Szeged must have been 
assembled at least in 1687 or later, and as a "by-product" the date 1687 on Peloponnesos map 
stenghtened our previous collations' result, too. 
After determining the lower limit of the publishing date, we could turn to the upper 
one. The question arose: could we tighten the date at this side, too? In this scrutiny Cornelis (II) 
was our "associate". From a reference book (Shirley, 1984) it could be gained that Cornelis (II) 
most probably started his map-maker's carrier in the 1690s. His known world map derived 
from ca. 1695, a reworking of the map made by Justus (I) in ca. 1680 and he used his new 
address on his maps after 1696 (moreover, we considered the early passing of Justus (II), too 
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(1692)). The survey of his maps in atlases listing 26, 50 and 75 items came to a result that the 
first maps of Cornelis (II) appeared only in the atlas with 74 maps (i.e. 8 in all in the Atlantes 
Neerlandici/Dan3). Determining the possible compiling date of a Danckerts atlas with ca. 75 
maps could be figured out in the same way as we had done in the case of atlas with ca. 50 maps, 
that is for other 25 maps to 50 another 2-3 years must have been needed on the average to arrive 
at a complete Danckerts atlas comprising 75 maps15. The calculated date of such an atlas' 
compiling could be in 1688/89 or in the early 90s considering that the atlases with 50 pages we 
have recently known were assembled into atlases in 1687 (D 179 (JATE)) and 1688 (TA224 
(OSZK)) or later. 
In this way, our final suggestion for the publishing date of the two Danckerts atlases 
with 50 items (49 maps + title-page) that is of D 179 (JATE) and of TA 224 (OSZK) can be 
placed between 1687, 1688 and 1695/96 with certainty or even we can take the risk saying 
1687-1692 for D 179 (JATE) and 1688-1692 for TA 224 (OSZK). And finally, the periods 
1687-ca. 1690 and 1688-ca. 1690 cannot also be unconceivable for D 179 (JATE) and TA 224 
(OSZK), respectively. Further examinations, collations with other Danckerts atlases and 
making use of further new information will judge these provisional proposals of ours. 
CONCLUSION 
In the first place we can establish that the Danckerts atlas in Szeged compiled 
originally as an atlas with 49 maps in 1687-ca. 1695 proved to have real worth for the history of 
cartography, even in its truncated, bad condition. 
The examination carried out for its identification resulted in some valuable outcomes. 
Firstly, the quantity of known original Danckerts atlases can be enlarged with 4 copies: TA224 
(OSZK), TA 225 (OSZK), TA 232 (OSZK) and D 179 (JATE). Secondly, it has thrown some 
more light on the ambiguous history ofthe Danckerts atlas production. 
In addition, it has absolutely become settled that category 3 with ca. 60 maps (in the 
Atlantes Neerlandici bibliography) hides an actually existing Danckerts atlas. Moreover, the 
atlas of 50 items has turned out to have at the spot two variations and the emergence of the two 
Danckerts atlases of 50 pages points to a revision of recently accepted categorization of the 
Danckerts atlases. For this revision, further research will be necessitated, however, the 
following changes for category 3 can be even now offered: 
1. Atlas with an exact quantity of items: title + index + 49 maps (and not ca. 60 
maps). 
2. Atlas comprising maps between 50 and 60 (as 74-90 in the case of group 4). 
3. Atlas with 50 sheets can form a separate group (as atlas of 26 items and of 30 
items forms a detached class), so the system must be enlarged to 6 groups in this 
case. 
Item, some rationale would be found in separating also category 4 into other two detached 
ones. 
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This classification, nevertheless, seems to be regarded as only a preliminary, outlined 
approach and a future thoroughful collation in a broader circle of survived Danckerts atlases 
will certainly change our recent notions on the atlases. By the assistance of coming 
examinations, as in the case of identifying D 179 (J ATE) volume, more light willhopefully be 
thrown on the very obscure publishing history of the Danckerts atlases. 
NOTES 
' Blaeu and Janssonius are two famous names in the Dutch map-making history. Their officinas 
were dominating in the field of geographical atlas production and had an almost total 
monopoly on the market of atlases during the century till ca. 1660s-70s. 
2 Koeman (1969) suggests that atlas producing started in the 1660s, Wawrik (1985) had 
confidence in the 1670s, while Shirley (1984) would accept a later date, ca. 1680. 
3 Even giant wall map composite atlases can be mentioned from the 1660s, the famous 
"Klencke Atlas", now in London; the "Atlas des Herzogs von Mecklenburg" in Rostock; 
and the "Mauritius Atlas" in Berlin. 
4 Having seen the rareness of the Danckerts atlases in public collection, a logical thought of 
going to the matter of privately owned Danckerts atlases came into our minds. Surveying 
the approximate quantity of those atlases, however, only the selling lists at auction were 
at our disposal. Having looked through all The Map Collector's issues between 1977 and 
1996 and the sketchy selected lists in Mercator's World's numbers of 1996-1998, only 2 
other Danckerts atlases could be discovered roughly in a 20-year period. (The Map 
Collector, No. 24, 1983 September, p.56. - atlas of 93 maps; The Map Collector, No. 30, 
1985 March, p. 55. - atlas of 100 maps.) So as to realize the rarity of the Danckerts 
atlases, it is also worth mentioning the case of the famous 16th century basic atlas work, 
Theatrum Orbis Terrarum by Abraham Ortelius. As Van den Broecke (1986) calculated: 
from each edition of the atlas which was issued more than 30 times between 1570 and 
1612,30-40 volumes exist on the average, while the total sum of the Theatrum survived is 
over 500 copies. 
5 The National Széchényi Library possesses an important collection of atlases produced in the 
16th and 17th century Netherlands including 3 almost complete, "hidden" Danckerts 
atlases. 
6 In the late 17th century the States customarily gave firms privileges for 10 or even 15 years as 
exclusive rights for selling maps, atlases or other prints of their own. 
7 Belgrade was retaken by the Christian troops on September 6, 1688. As we have known, 
producing a completely new map of a contemporary (war or other) event needed 
approximately a year (Heinz, 1997). In our case, however, only minute changes must 
have been done on the copper-plate - t h e TA225 (OSZK) atlas has the same map with the 
same list missing only the last line from the list referring to Belgrade. 
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" The issu ing dates of the later two maps are fairly obscure. Johannes Danckerts was a cousin of 
Justus (I). The "Regni Hungáriáé..." map with his name in the map's title have recently 
become known only from late Danckerts atlases by Theodorus (I) (TA 232 (OSZK)) and 
Cornelis (II) (Szántai, 1996), but the question who actually made this map, Justus (I) or 
Justus (11) or Johannes or even Dancker (1634-1666) has not been solved yet. (Dancker's 
name as engraver can be seen on certain states of the plate). Philip Bouttats junior was 
active in Antwerp as a member of an engraver and publisher family. A rather close 
variation of the "Regni Hungáriáé..." map by Philip's relative Gaspar Bouttats also exists. 
Most probably both of them used the Danckerts maps as source for their own versions 
edited at the time of the Turkish wars sometimes in the late 17th century. The Philip's 
version has a list of fortresses with the last date 1687 at Eger, Hungary. Eger was 
recaptured on December 16,1687, so this state of the map could came out from print only 
in or after 1687. (Szántai, 1996 mentioning 1688, but seems not to know the Justus 
version of 1687.) 
" We used, of course, every information at collation we had owned of the Danckerts family and 
the producing and publishing practice in Amsterdam in the 17th-18th centuries that we 
have gathered from reference books or periodicals. 
"' There could be exceptions, that maps without privilege sign are still after 1684. However, 
their numbers are only a few and these are second-rate maps for an atlas. They depict 
provinces, districts or towns and fortresses and do not belong to the most important maps 
of the world, of the continents, of countries wich formed (and still form) the skeleton of a 
geographical atlas. 
" Map of the world, of the four continents, of Germania, of Gallia (=France), of Hispania, of 
Portugal, of Italy, of Denmark, of the XVII Provinces (=the Netherlands and Belgium), of 
Comitatus Hollandia, of Ducatus Geldria et Zuthpania, of the river Rhine, of Circulus 
Saxoniae, of Hungary by Du Val, and of Novi Belgii (=the eastern part of North America) 
that is the maps of the world, of the continents, of the western parts of Europe and those 
territories which were mostly of interest to the purchasers of the time mainly in the Low 
Countries. The Geldria map could be found, however, only in atlases with 49 or more 
maps. 
12 Maps of smaller areas, regions, provinces or districts of other continents were far less 
important in a general atlas in the 16-17th centuries and their ratio stood far behind of 
those counterparts in Europe. 
" In special circumstances, engravers could produce a map plate roughly in a month even 
trough a longer period of time, but we must calculate that Justus (I) was in his 50s after 
1685 probably dealing with the selling part of the business and the burden of compiling 
and engraving must have lied mainly on the shoulders of the young Theodorus (I) and 
maybe of Justus (II). Theodorus (I) was in his early 20s and Justus ( I I ) - i f he was born in 
1665/66-could be in the same age but with 2years younger. 
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14 The quantity which was printed from a newly engraved or an emended plate varied at each 
territory and could depend even on very particular circumstances. Here it's worth 
mentioning that the other Hungary-map by Pierre Du Val which was reworked by Justus 
Danckerts could be the sheet No. 42 in atlas D 179 (J ATE), as in the atlas TA 224 (OSZK). 
This map can be found in every atlas that had been examined, with or without a privilege 
sign. 
15 It could have been possible that the Danckerts family compiled an atlas with 74 maps using 
other author's maps but the total number of their maps in atlases we have known seems to 
make this unlikely. 
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